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favorable results reported by 
Pasteau and Degrais (1910) in the 
treatment of cancer of the prostate by 


radium inspired the hope that a satis- 
factory treatment for this condition had 
been discovered. Since then many 
have reported similar results, but 
reports have been made too soon 
treatment, or the series of cases 
has been too small on which to base 
judgment. Neither have there been series 
of cases reported of what might be termed 
normal or untreated cases with which to 
compare results. Thus it has been difficult 
to judge accurately the results obtained 
with the use of radium. 

The series of 646 cases of carcinoma of 
the prostate which I shall report is suffi- 
ciently large to afford statistical data of 
value with regard to the various forms of 
treatment employed, especially radium. 
Until within recent years correct diagnoses 
in cases of cancer of the prostate were 


others 
such 
after 
report ed 


often not made unless the patients 
were operated on. Thus many cases 
were classified as benign hypertrophy 


which were undoubtedly malignant. 
During the past three years 1,641 
patients with prostatic enlargement were 
examined. In 260 of these (15.84 per cent) 
the prostates were malignant, a percentage 
which I believe is accurate and indicative 
of the prevalence of the disease. In the 
series of 646 patients the prostate was 


* Due to the great length of the paper awarded the | 
Certain of the « 


nard Prize, 
ther papers which were awarded Honorabk Me ntion 


removed in 146, no form of treatment was 
employed in 325; the remaining 197 
patients were treated by radium. The 
statistics in the first two groups afford a 
basis on which the results of radium 
treatment in the 197 patients may be 
compared. 

The results of surgical treatment are 
tabulated in Table 1 


DISCUSSION OF TABLE I 
The fact that 80 per cent of the patients 
died within two years after onuadltih 


and that of the sixteen patients who 
lived more than three years only seven 
are alive, explains the readiness with 
which surgeons relinquished this group of 
cases to radium treatment. 

Just as in the past, reports of the results 
of surgical treatment were made too soon 
after operation to be accurate, so in the 
present the reports of the results of radium 
treatment are made too soon to afford 
accurate data. It is evident that in order 
to judge accurately the various forms of 
radium treatment it is fairer to compare 
data from a series of patients who have 
not been treated than from a series of 
patients treated surgically, who were in 
good physical condition and in whom the 
disease was not far advanced. 

The group of 325 untreated patients 
includes patients in all stages of the 
disease and represents the type that have 
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TABLE 


ONE HUNDRED FORTY-SIX PATIENTS OPERATED ON 


Operative Mortality 5.5 Per Cent 


Average 
Duration of 


Average 
Length of 


Disease, Prostatectomy * Life After Average 
Patients Per Cent Months Perineal Suprapubic Operation, Age, Year 
Montbs 
Wikio 62.36 42 75 24.86 64.2 
96 80.0 51.3 4! 52 at.7a 64.95 
24 20.0 80.2 I 23 35.2 63.58 
Patients who lived 
I— 12 months..... 4! 34.16 40.4 19 22 6.18 65.8 
13- 24 months...... 23 19.16 45.95 8 15 18.86 63.13 
25— 36 months..... 14 11.66 56.64 8 6 38.14 65.07 
37—- 48 months..... I 0.83 168.0 I oO 41.0 62.0 
49- 60 months... 3 2.5 77 .33 I 2 53.3 65.0 
61— 72 months... 2 1.66 95.5 I I 70.0 60.5 
85-— 96 months... I 0.83 168.0 I oO 96.0 64.0 
97-108 months. 2 1.66 156.0 o 2 103.5 72.0 
Not stated 9 7.5 i 2 4 
Patients living 
4 2.29 66.7 4 10.2 64.75 
13- 24 months. 8 6.66 67.85 oO 8 19.87 66.25 
25~— 36 months. . 5 4.16 71.0 o 5 31.8 61.4 
37- 48 months..... eee I 0.83 87.0 oO I 48.0 69.0 
49- 60 months............. 2 1.66 83.0 oO 2 52.5 53.5 
61— 72 months............. 2 1.66 83.0 Oo 2 67.5 59.0 
73- 84 months............. I 0.83 139.0 o I 78.0 75.0 
109-120 months............. I 0.83 174.0 I oO 120.0 61.0 
* Operation not stated in three cases. 
TaB_e II 
THREE HUNDRED TWENTY-FIVE PATIENTS NOT TREATED 
Average 
Average Length of 
Duration of Life After 
Disease, With Witbout Examination, Average 
Patients Per Cent Months Metastasis Metastasis Months Age, Years 
215 93.0 32.82 52 163 9.58 64.71 
Patients who lived 
149 64.5 29.1 42 107 4.97 64.34 
32 13.85 41.66 9 23 17.53 65.18 
90 months............: 8 3.46 46.28 8 28.37 67.5 
37— 48 months.... 3 1.29 75.0 re) 3 44.3 67.0 
49- 60 months.... 2 0.86 68.0 2 52.0 68.5 
73-— 84 months. ~ I 0.43 Oo I 78.0 69.0 
nds» 20 8.65 I 19 
Patients living 
I—- 12 months........ 4 1.73 10.0 I 3 19.3 66.5 
13- 24 months........ 4 1.73 32.7 2 2 19.75 68.7 
ee I 0.43 149.0 o I 29.0 70.0 
37— 48 months............. 2 0.86 120.0 oO 2 47.0 68.5 
49- 60 months............. I 0.43 49.0 o I 49.0 66.0 
61— 72 months....... 2 0.86 73.0 oO 2 70.0 63.5 
73- 84 months..... I i o I 79.0 63.0 
108-120 months............. I 0.43 144.0 oO I 118.0 62.0 
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Roentgen Rays and Radium 
been treated with radium. Information 
has been received concerning 231 of these 
(71 per cent), thus affording an opportu- 
nity to study the disease when its course 
was not altered by treatment to 
compile accurate statistics as a_ basis of 


and 


comparison with the results of several 
methods of radium treatment. 
DISCUSSION OF TABLE II 
The noteworthy fact in this series is 


that the patients who died, and in whom, 
therefore, the disease had run its course, 


lived an average of 9.58 months after they 
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five of the patients had metastasis at 
the time of their examination. 
While opinions differ concerning whether 
not radium and the roentgen ray 
treatments are beneficial in cases in which 
metastasis has occurred, I believe that all 
observers are agreed with regard to the 
influence of metastasis on prognosis. 


or 


DISCUSSION OF TABLE III 


The influence of metastasis on prognosis 
is illustrated in the group of fifty-five 
patients, 94.54 per cent of whom died on 
an average of 7.72 months after their 
examinations, two months earlier than the 

IT] 


ITH METASTASIS 


were examined and an average of 32.82 
[ABLI 
SINET PATIENTS 
Patients 
Heard from gE 
Dead > 


Living 


Patients who lived 
I-12 months. . 
13-24 months 


Not stated I 
Patients living 

I-12 months I 

13-24 months > 


verage 
Average Lengt! oO 
Duration of Life After 
Disease, Examination, Average 
Per Cent Vionths Vlonths Age, Years 
25.75 I 63.4 
94.54 29.25 2 63.5 
5.45 15.0 64.0 
76.36 27.51 g. 66 62.42 
16.36 67.6 
1.5! 
1.81 10.0 8.0 65.0 
3.63 a7 18.6 63.5 


months from the time of their first symp- 
toms; this may be considered representa- 
tive of the average duration of the disease. 
The sixteen patients (6.9 per cent) who 
are still alive constitute two types, those 
who have recently refused treatment and 
who have not lived out their allotted 32.82 
months, and those whose cases were 
wrongly diagnosed. This percentage seems 
remarkably low when it is considered that 
the diagnoses were all made by palpation 
alone and were not checked up by patholo- 
gical findings as were the diagnoses in the 
surgical group. The low percentage is 
undoubtedly due to the fact that when the 
diagnosis was in doubt the patient was 
given the benefit and operation was 
performed. It does not seem legitimate, 
however, to use these percentages as a 
basis of comparison in ascertaining the 
results of radium treatment, since fifty- 


It is probable that the majority 
of patients with carcinoma of the prostate 
develop metastasis some time before death, 
but in some this occurs early and the 
presence of many such patients in this 
group explains the shortening of the 
average duration of the disease, which 
was 29.25 months, four months less than 
the average. 

It may also be noted that the average 
age of these patients, 63.5 years, is below 
the general average of the patients with 
the disease. 

The fact that 76.36 per cent of these 
patients died during the ensuing years is 
sufficient evidence of the hopelessness of 
the condition. Palliative treatment, such 
as the roentgen ray or radium, was not 
attempted in these cases. The smallness 
of this group, consisting of 27.6 per cent 
of the patients examined, is evidence that 


average. 
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72 Roentgen Rays and Radium 
until recent years it has not been appre- 
ciated how frequently metastasis occurs, 
especially in the bones. 


TaBLe IV 
METASTASIS REVEALED BY ROENTGENOGRAMS: 228 
PATIENTS 
Examined Metastasis Per Cent Age 
Total 228 69 30.26 63.3 
Pelvis 153 46 30.7 62.76 
Spine 154 40 25.97 62.5 
Lungs 140 8 6.4 65.5 
Ribs 141 8 5.0 66.0 
Femurs 122 7 5.7 63.4 
DISCUSSION OF TABLE IV 
Of the 646 patients only 228 (35.29 per 


cent) were examined roen aueauacany 
for metastasis, and of this number 162 
(71 per cent) were examined during the 
past three years. In the early cases, the 
roentgen ray was not as easily available as 
it is now, and the impression seemed to 
prevail that it was sufficient if the chest 
was examined for metastasis. This accounts 
for the fact that until within the last year 
more roentgenograms were made of the 
chest than of the spine and pelvis. Data 
compiled previous to the last year showed 
that the pelvis was involved in 37.5 per 
cent of cases, the lumbar spine in 35.8 per 
cent, and the lungs in 3 per cent; the latter 
were never involved unless metastasis was 
demonstrable elsewhere. It is significant 
that these percentages which were com- 
iled from a series of only 135 cases, still 
hold true in this larger series of 228 cases 
in which the pelvic bones were involved 
in 30 per cent, the spine in 25.97 per cent, 
and the lungs in but 6 per cent. 

The data in Table 1v shows that if the 
spine, the pelvis, and the femurs are ex- 
amined by the roentgen ray routinely in all 
cases ‘of diseased prostates suspected of 
being malignant, a negligible number of 
cases of metastasis will remain undiscovered. 
It does not seem necessary to examine the 
chest as a routine procedure since metas- 
tasis to the lungs alone probably never 
occurs in these cases. It would seem conser- 
vative to state that 30.26 per cent, or prac- 
tically one-third of all patients with carci- 
noma of the prostate, will be found to have 
metastasis to the bones, and the overwhelm- 
ing percentages will be found in the pelvis, 
the spine, and the femurs. The average ages 
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of the patients also bear evidence of the late- 
ness of metastasis to the lungs. The average 
age in the entire series of 646 patients is 64.6 
years; the average age of patients with 
metastasis to the pelvis and spine is from 
one to two years less; and of patients with 
metastasis to the lungs and ribs from one 
to two years more, demonstrating still 
further that metastasis does not occur in 
the chest until after it occurs in the spine 
and pelvis. 

Stewart believes that in the majority of 
cases of metastasis to the bones the primary 
growth can be diagnosed by the roentgeno- 
graphic appearance of the metastasis. He 


Fic. 1 (345,243). Metastasis to the pelvis, sacrum and 


lumbar spine. 


quotes from Phemister as follows: “* Metas- 
tasis in bony structure following a primary 
carcinoma assumes the characteristics of 
the original growth; if the stroma predomi- 
nates in the | primary lesion, we are sure to 
have a condensing or osteoplastic form of 
metastasis; if the primary cancer were of a 
medullary form, we would have a secon- 
dary rarifying or osteoclastic process. 
Stewart calls attention to the fact that 
in carcinoma of the prostate the stroma 
predominates, and a condensing form of 
secondary lesion should occur (Figs. i, 2, 2, 
4, 5 and 6). This is in keeping with von 
Recklinghausen’s findings and applies to 
the majority of cases, but as may be se en 
in Figures 7, 8 and g osteoclastic metastasis 
also occurs and although it occurs infre- 
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quently there is little chance of error in the 
diagnosis. The osteoclastic type of metas- 
tasis is found in the majority of cases. The 
close similarity of this type to Paget’s 


Fic. 2 (181,438). A condensing form of sec 
lesion with extensive osteoclastic 
the femur and pelvis 


met tacic in re 4 201,980). Met ist SIS to the lumbar spine, pelvis 


ind Sacrum. 


Fic. 3 (181,438). Extensive metastasis to the sacrum, 
lumbar spine and ilia. 


disease has recently been emphasized by 
Carman and Carrick; this may be readily ; 
appreciated by an examination of Figures 
10, 11, 12, 13, 14, 15, 16 and 17, in which 
the two conditions in similar locations are 
illustrated for comparison. 


Fic. 5 (194,448). Area of metastasis to the right lung. 
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In cases in which the prostatic enlarge- 
ment is unquestionably malignant, the 
possibility of error in diagnosis is negligible. 


Fic. 6 (288,379). Metastasis to the ribs. 


However, there is a less frequent form of 


prostatic malignancy in which the uniform 
enlargement was without any of the irreg- 


Fic. 7 (289,964). Destruction of right ischium, as the 


result of a metastatic growth in which the osteoclastic 
tendency predominates. 


ularities of contour presented by the com- 
mon type of carcinomatous gland and 
without the characteristic stony hard 
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areas. This type of malignant gland _re- 
sembles true inflammatory hypertrophy 
and often is confused with it, but it differs 


Fic. 8 (125,337). Osteoclastic metastasis; the right 
pelvic bone and ischium destroyed. 


Fic. 9 (311,469). Destruction of the right ischium, 
the result of a metastatic growth in which the osteo- 
clastic tendency predominates. 

in that the resilience is lost, while in inflam- 

matory disease it always remains. Such 

glands never reach a size that cannot be 
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outlined by the examining finger, because 
they are composed of cells which exhibit 
no tendency to acinus formation but are 
scattered throughout a somewhat increased 
fibrous stroma and metastasize so early 
that death results before the gland becomes 
greatly enlarged. A section from this type 


Fic. 10 (345,243). Metastasis to the spine 
from carcinoma of the prostate. 


of gland (Fig. 18), illustrates its close re- 
semblance to scirrhous carcinoma of the 
breast. The reason for early metastasis Is 
shown by the cells infiltrating a somewhat 
increased fibrous stroma and _ exhibiting 
no tendency to acinus formation. In such 
cases the rheumatic pains of metastasis, or 
the paraplegia of spinal involvement, are 
frequently the first symptoms, and the 
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patients often die before any urinary symp- 
toms occur to call attention to the prostate 
as the primary focus of extensive metas- 
tasis to the bones. Or, if the prostate is 
examined its slight enlargement and its 
atypical feel of carcinoma make a diagnosis 
of malignancy doubtful. If it cannot be 


Fic. 11 (343,042). The spine in a case of 
Paget’s disease. Pronounced flattening 
and deformity of the vertebra (Fig. 10). 


determined that the prostate is malignant, 
and there are no urinary symptoms, the 
condition may be Paget’s disease. The mis- 
take has been made of diagnosing as malig- 
nant an old firm inflammatory prostate 
because the roentgenograms revealed what 
was supposed to be metastasis to the bones. 
In Paget’s disease the bodies of the lumbar 
vertebrae are flattened and widened, while 
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Fic. 12 (324,762). 


carcinoma of the 


Roentgen Rays and 


Lumbosacral 


prostate wit 


region In a case of 


h metastasis. 


Note 


similarity of condition with that shown in Figure 13.7 


Fic. 13 (318,460). 
Paget’s disease. 


Lumbosacral 


Note 


that in Figure 12. 


region In a case of 
similarity 


of condition 


with 
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in malignant conditions there is little if any 
change in the shape of the vertebrae. How- 
ever, as Carman and Carrick point out, 
there is one means of making the diagnosis 
certain: “If the skull shows the ps ithogno- 
monic changes of Paget’s disease, that is, 


Fic. 14 (334,035). Metastasis to the pelvis from ca: 
cinoma of the prostate. 

thickening and density of the inner table 
and the finely porous outer table with 
scattered nodules of bone over the v: ault, 
the diagnosis of Paget’s disease is certain. 

Therefore, i in all cases of apparent metas- 
tasis to the bones in which the prostate is 
suspected of being malignant, roentgeno- 
grams should be made of the head before a 


Fic. 15 (302,252). The pelvis in a case of Paget’s 
disease. 

positive diagnosis is made. From the fore- 

going, it is evident that if the untreated 

cases are used as a basis of comparison of 

results obtained from radium therapy, the 

cases in which metastasis was found must 


be excluded (Table v). 
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DISCUSSION OF TABLE V 
Since the patients who received radium 
treatment were treated immediately fol- 
lowing the diagnosis, it seems logical to 
consider the length of life of the untreated 


Fic. 16 (212,968). Met: astasis to the femur from a case 
of carcinoma of the prostate. 


Fic. 17 (289,230). The femur in a case of Paget’s 
disease, showing similarity to Figure 16. 


patients following the diagnosis, to be 
comparable with the length of life of those 
who received treatment. This period in the 
untreated patients is 12.98 months, or 
thirteen months. 

In order not to base such an extensive 
statistical study on one period of time the 
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duration of the disease in each case from the 
first symptom to the time of death has been 
obtained. These data are subject to a 
certain degree of error, since carcinoma 
may dev elop on benign hypertrophy and 


Fic. 18 (20,348). Highly malignant adenocarcinoma. 
This type causes only slight local enlargement but 
metastasis early, often resulting in the metastasis 
being confused with Paget’s disease, because of 
slight prostatic enlargement. 


the first symptoms may be due to the 
benign hypertrophy rather than to the 
malignancy. However the group. of 
patients with atypical carcinoma of the 
prostate who do not have symptoms until 
the disease is well advanced, offsets this 
error and it seems accurate to consider the 
average length of the disease to be 36.61 
months or three years, and the average 
duration of life after diagnosis, thirteen 
months. These periods are used as the 
basis for judging the results of the various 
methods of radium application. Besides 
these averages there is recorded for com- 
parison in “each group the number of 
patients that died in each year after 
treatment, for it is evident that if av erages 
alone are used as the basis of compari- 
son, the few successfully treated patients 
become merged in the general average and 
their importance as a basis of comparison 
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is lost. Also, in considering the length of 
the disease, it must be kept in mind that 
the patient is never considered cured, and 
if the length of the disease has been 
extended by any method of treatment 
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urethral burns. Cross-firing was then 
attempted by applying half the dose 
through the rectum. The mucosa of the 
rectum proved to be even more susceptible 
to burns than that of the urethra and great 


TaBLe \ 
TWO HUNDRED THIRTY-FIVE PATIENTS WITHOUT TREATMENT AND WITHOUT METASTASIS 
Average 
Average Length of 
Duration of — Life After 
Disease, Examination, Average 
Patients Per Cent Months Months Age, Years 
Heard from 176 36.61 12.98 65.25 
Dead 163 92.6 34.08 10.13 65.00 
Living 13 7.3 70.5 44.61 67.23 
Patients who lived 
I— 12 months 107 60.79 29.72 4.76 65.1 
13— 24 months 23 3.1 43.09 17.69 64.21 
25— 36 months 8 4.5 46.28 26. 37 67.5 
37— 48 months 3 ,; 75.0 44.3 67.0 
49- 60 months 2 39 68.0 52.0 68.5 
73-— 84 months I 0.56 78.0 69.0 
Not stated 19 10.79 
Patients living 
I— 12 months 3 1.7 10.0 9.66 67.0 
13— 24 months 2 5.13 38.5 21.0 74.0 
25-— 36 months I 0.56 149.0 29.0 70.0 
37— 48 months 2 1.13 120.0 47.0 68.5 
49- 60 months I 0.56 49.0 49.0 66.0 
61— 72 months 2 :. 32 73.0 70.0 63.5 
73- 34 months I 0.56 ; 79.0 63.0 
108-120 months I 0.56 144.0 118.0 62.0 
VI 
FORTY PATIENTS TREATED BY RADIUM THROUGH THE RECTUM AND THE URETHRA 
iverage 
Length of 
iverage lverage Life After 
Duration of Duration of Radium 
Disease, Treatment, Milligram Treatment, | 
Patients Per Cent Months Month Urethra Rectum Hours Month ize, Yea 
Heard from 7 14.09 2.36 250.0 1537.91 1585.2 18.27 ¢ 
Dead 3 89.18 12.2 2.5 225.0 1581.9 1622.8 15.3 ¢ 
Living 10.81 62.3 :.2 100.0 1175.0 1275.25 42.0 7 
Patients who lived 
I-12 months 17 15.904 33.4 ?.23 220.0 1162.6 1286.1 6.64 63 
13-24 months 7 18.91 39.0 2.68 1503.4 1503.4 17.0 o¢ 
25-36 months 6 16.21 57.5 5.55 250.0 2269.0 2310.6 > 690 
37-48 month 2 5.4 93.0 4.7 3250.0 3250.9 3.0 67 
Not stated I 2.7 
Patients living 
37-48 months } 10.81 62.3 100.0 1175.0 1275.25 42.0 7 


beyond the three-year-average period for 
untreated cases, it is considered favorable. 


TECHNIQUE OF RADIUM TREATMENT 


In the first cases of carcinoma of the 
prostate treated by radium the radium 
was introduced through the urethra. In 
well-advanced cases, however, the neces- 
sity of applying large doses resulted in 


care was necessary in screening and in 
regulating the duration of the exposure. 
An applicator similar to the one described 
by Young was used, the rectal mucosa 
being protected by brass and lead screens 
except at the point of exposure. The treat- 
ments were given every third or fourth day 
until the desired dosage was obtained. 
Forty patients, including seven in which 


| 
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both urethral and rectal applications were 
given were treated in this manner. Infor- 


mation has been obtained concerning 
thirty-seven (92.5 per cent) of these 
(Table v1). 

DISCUSSION OF TABLE VI 


The technique employed in the treat- 
ment of these forty patients had several 
distinct advantages, the most important 
of which is the great amount of radiation 
reaching the periphery of the growth in 
which location the greatest cell activity 
occurs. The application is easily accom- 
plished and a comparatively small amount 
of radium Is required, a standard of 50 mg. 
or 100 mg. tube being sufficient. The appli- 
cator is of simple design and adapted to 
general use. The chief drawbacks were the 
irritability of the rectal mucosa which 
frequently did not permit the amount of 


radiation indicated even with the greatest 
care In screening. Although the area of 
greatest cell activity receives the greatest 


amount of radiation, yet even in moder- 
ately enlarged glands, comparatively small 
amounts of radiation reach the center of 
the growth where activity, although 
not so active, nevertheless takes place. 
Therefore, wale ss all portions of the 
growth receive sufficient dosage to impair 
this activity, satisfactory results cannot be 
expected. 

With these disadvantages in mind, it Is 
interesting to observe the clinical results 
recorded in Table vi. In these the 
length of disease was forty-four 
eight months longer 


cell 


average 
months, 
than the average of 
untreated patients. The average length of 
life after treatment is eighteen months, 
five months longer than could be expected 
if no treatment had been given. While these 
data are evidence of the inhibitory influ- 
ence of radium on the disease, this inhibi- 
tory influence is not sufficient to commend 
the treatment. For merely to delay the 
inevitable for a short period, rather than 
appreciably to arrest the disease process, 
is a result which is not to be sought when 
death is often more longed for than dreaded. 

Statistics of the average length of life 
are valuable, but they must not be taken 
final since they may obscure several 
cases in which the results indicate marked 


as 
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advantages to such treatment. For 
example, six patients (16.21 per cent) lived 
more than three years; four are still alive, 
while only 


seven (3 per cent) of those 
not treated are alive three years after 
examination. This is encouraging when 


the hopelessness of the condition is con- 
sidered, but not encouraging enough to 
warrant urging the patient to take the 
treatment with considerable expense and 
inconvenience. Marion, realizing the diffi- 
culty of properly radiating all parts of the 
gland by this method, and probably being 
cognizant of the clinical results, inserted a 
trochar directly into the substance of the 
gland, and by means of the obturator 
placed the radium tube directly into the 
tissue. The tube was withdrawn by means 
of an attached string after the required 
application. 

Barringer described a similar but far 
superior method. He placed the radium in 

hollow needle, and guided by a finger 


in the rectum, inserted it directly into 
the gland through the perineum. This 


method seemed so superior to all others 
that the earlier procedures were for the 
time abandoned. The cases so treated are 
reported in Table vii. 


DISCUSSION OF TABLE VII 


The thirty-five patients whose cases 
are reported in Table vir were treated by 
means of needles alone. The average 
length of the disease in the twenty patients 
heard from in this group is prolonged 
approximately four months beyond the 
normal three years. The average length 
of life, however, after such treatment, is 
two months less than that of those not 
treated. The dosage in this series averaged 
1,200 mg. hours, approximately 455 mg. 
hours less than in the group in Table v1. 


The decreased dosage is not a sufficient 
reason to explain the poorer results 
obtatned, results which are still more 


strikingly brought out when the individual 
cases are examined. Ten (50 per cent) 
of the patients died the first year after 
treatment, seven of the remaining ten 
died the second year. The date of one 
patient’s death is not given, and the two 
living patients have not yet lived two 
years after treatment. Regrettable as 
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VII 
rHIRTY-FIVE PATIENTS TREATED BY NEEDLES 
Lverage 
Len th of 
Average Average Life After 
Duratio n of Duration « Radium 
Disease Treatment, Milligram Treatmer 1 
Patients Per Cent Month Month Nee Hour Ma nth Lge 
Heard from 20 39.68 1201.9 1201.9 11 
Dead 18 90.0 [.05 1.75 1250.94 1250.04 10.47 
Living 2 10 28 1.0 760.0 760.0 15 
Patients who live 
I-12 months 10 50.0 37.6 1246.1 1 24¢ 
13-24 months 7 35.0 29 .¢ 76 1657 .¢ 1657.6 17 
Not stated 5.0 
Pationte | 
I-I2n h I 5.0 9 I di 850.0 850 
13-241 ath I 5 7 1d 671.0 O71. 


these results may appear they are neverthe- 
less valuable, for they demonstrate clearly 
that neglect to radiate the periphery of 
the growth, where the greatest cell activity 
occurs, will result in failure. They also 
show that if radium is placed within the 
gland tissue, the gamma rays do not 
penetrate sufficiently to reach the periph- 
eral cells, or, if they do, are too greatly 
diffused to be effective. It was evident, 
therefore, that the amount of radium 
should be increased, and an attempt was 
made to give, if possible, between 3,000 
and 4,000 mg. hours, 2,000 by needles, 
the remaining 1,000 by rectum and urethra. 

In giving this larger dosage a modifica- 
tion of the old applicators was found 
useful. The great majority of such apparatus 
consists of an arm attached to the examin- 
ing table which holds in place a metal 
tube containing the radium. It was found, 
however, that a piece of sheet lead cut in 
the shape of a spoon (Fig. 19) is the most 
satisfactory applicator. The small metal 
container holding the radium is placed 
in the bowl and the lead is bent over three 
sides of it. Over this a hard rubber tube is 
slipped to filter the beta rays on the 
exposed side; thus the rectal mucosa is 
screened by lead except the portion 
directly over the prostatic area; there the 
irritating rays are filtered out by the 
hard rubber tube. When the applicator 
is inserted and placed in the desired 
position, the open side of the bowl is 
laced next to the prostate, the handle is 
iad at right angles and attached to the 
thighs or buttocks by surgeons plaster. 
This method allows the patient to move 


around freely while recumbent and while 
the applicator is still in position, instead 
of subjecting him to the discomfort of 
remaining in one position on an examining 
table to which a rigid mechanical arm 
is attached. In making the urethral appli- 
cations, screened only by the standard 
silver container, nothing has proved 


Fic. 19. Cross-section through the pelvis. Rectal and 
urethral applicators in place. Inset: rectal applic \- 
tor; (a) hard rubber sheath, (b) lead spoon, and (« 


standard radium tube. 


useful as a stick of soft solder, the end of 
which is threaded so that the container 
may be directly screwed on. The stick of 
solder can be bent to adapt it to the 


various prostatic curves, and is easily 
kept in position ( Fig. 19). 

The results of the increase in dosage 
and more thorough radiation of the 
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prostate are difficult to interpret, because 
this group of patients was treated more 
recently than the others. A casual examina- 
tion of Table vit might lead to the con- 
clusion that the change in treatment had 
not resulted in improvement. 


DISCUSSION OF TABLE VIII 


Obviously in dealing with recent cases 
the duration of the disease to the time of 
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treatment only 28.78 per cent died the 
first year. Although sufficient time has not 
elapsed to give a higher percentage among 
the living it should be noted that the 
length of life following treatment already 
exceeds the average for the patients not 
treated and that the living represent 54.54 
per cent of the patients heard from. 
The results argue well for the change in 
treatment. 


Paste VIII 
NINETY EVEN PATIENTS TREATED BY NEEDLES AND BY URETHRA AND RECTUM 
Le 
k , 
Lverage 
l R i 1 ge Year 
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death and the length of life following treat- 
ment do not represent completed averages. 
Judgment must, therefore, be based on 
other sources. In the group of patients 
treated by rectum and by urethra, 45.94 
per cent died during the first year after 
treatment; in the group treated by needles 
alone, 50 per cent; in the untreated group, 
60.79 per cent; and yet with the combined 


DISCUSSION OF TABLE IX 

In Table 1x are summarized the results 
of all forms of radium treatment. 

Of the 126 patients heard from, the 
average duration of the disease from onset 
to death is 38.58 months, a little longer 
than may be expected if the malignancy 
is allowed to take its course. The average 
dosage was 1866.49 mg. hours and the length 


to 
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of life following treatment, 14.17 months, 
only slightly longer than the average 


length of life of patients not treated. 

A comparison of the results followng 
radium treatment with those obtained by 
ony demonstrates the superiority of 
the latter, for in the surgical group the 
disease extended 50 per cent longer, 
reaching on the average, 62.36 months, 
and the length of postoperative life 
averaged ten months longer. At the end 
of two years 29.16 per cent of the patients 
treated surgically are alive and aris 11.9 
per cent of those treated with radium are 
alive. These comparisons are not wholly 
just, for the patients operated on represent 
a picked group and in 27 per cent of them, 
the cancer was only discovered at opera- 
tion, while the patients treated by radium 
were unselected and the disease was 
advanced sufficiently to make a diagnosis. 
However, by examining the results from 
an entirely different view point, namely, 
with reference to the size of dosages, the 
percentages are more encouraging. In 
the three groups of patients studied, the 
length of life after radium treatment 
(completed cases) appears directly pro- 
portional to the dosage. That iS, the 
average dosage for patients who lived two 
years was greater than for patients who 
lived one year, and less than for those 
who lived three years. That this was not 
accidental is borne out by grouping the 
patients according to the amount of radium 
they received instead of according to the 
years they have lived. The data are more 
accurate when taken from the completed 
cases, the patients who have died, for the 
number living includes patients who are 
alive because of mistaken diagnosis. 


DISCUSSION OF TABLE X 


The data in Table x might be interpreted 
as meaning that because the patient lived 
longer, he had more opportunity to receive 
radium, rather than that he lived because 
he received it. That this is fallacious is 
apparent from the duration of treatment, 
which averages between six months and 
one year. This relationship between dosage 
and the prolongation of life is undoubtedly 
due to the fact that a more thorough 
radiation of the malignant growth had 


i 


after radium treatment 


Months of life 
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taken place and cell activity had been 
largely destroyed. In four of the twenty- 
two patients who received both radium 
and surgical treatment, the prostatectomy, 
followed a thorough course of radium treat- 
ment, and was done to relieve the patients 
of urinary obstruction, not with the idea 
of removing the growth. Tissue in these 
cases yielded sections in which the end- 
results of radium are clearly manifest, 
microscopically. 


X. Eighty-four patients 
Milligram hours of radium 
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In Case 219,826 (Figs. 20 and 21) 1,742 
mg. hours of radtum were given, the last 
treatment three months before the removal 
of the gland. Moderate hyaline degenera- 
tion is shown throughout the section and a 
marked proliferation of fibrous tissue 
surrounds and compresses the remaining 
cancer cells in interlacing fibrous bands. 
These malignant cells are atypical in 
appearance, being pressed and squeezed 
in distorted shapes by an ever-increas- 
ing proliferation of connective-tissue cells 
(Figs. 22 and 23). The reproductive func- 
tion of the malignant cells is undoubtedly 
impaired and if all malignant tissue can be 
thus affected, complete cessation of the 
process must occur. The immediate results 
of radium treatment by needles a few days 
before death are shown in Figure 24. 
The necrotic and discolored appearance 
in the center of the photograph gives a 
clear idea of the limited extent of the 


radiation. Figure 25 is a photomicrograph 
beyond 


of an area the influence of the 
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Fics. 20 and 21 (219,826). Adenocarcinoma of the prostate after it had been exposed to 1,742 mg. hours 
of radium. The last treatment had been given three months before. 


Fics. 22 and 23 (219,826). Adenocarcinoma of the prostate after it had been exposed to 1,740 mg. hours of 
radium. The last treatment was given three months before. The distorted and flattened cells indicate the 
extreme pressure exerted by the proliferation of fibrous tissue cells. In places, this compression is so marked 
that only the remains of the cancer cells are seen as a few deeply staining nuclei fragments. 
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radium treatment. Typical cancer cells 
have replaced the normal glandular tissue. 
Their clear outline and marked staining 
qualities, and the occasional mitotic figure 
show their viability and gives impressive 
evidence of malignancy. Figures 26 and 
27 represent other sections from the same 
gland but are taken closer to the area 
affected by the radium. Many of the cells 
show evidence of rapid degeneration, and 


“1G. 24 (332,467). Adenocarcinoma of the prostate 
treated thirty-two days before death with 700 mg. 
hours of radium. A limited area of the carcinoma was 
affected and a localized necrosis resulted. (a) and 
(b), lateral lobes, and (c) point of radium applica- 
tion. Note limited area affected by large dosage. 


there is a loss of the definite cell outlines 
of the viable cancer cells shown in Figure 
25. These cells take the stain poorly and 
fragments of destroyed cells are seen 
throughout the section. The entire picture 
is that of cellular destruction an is in 
sharp contrast with Figure 25. 

The microscopic findings, and the 
marked softening and shrinking of the 
gland, often found clinically following 
radium treatment, are clear evidence that 
if the entire growth can be reached by the 
radium rays, satisfactory results will follow. 
Clinical findings, however, demonstrate 
that except in occasional cases satisfactory 
results have not been obtained. 

The question arises, should radium treat- 
ment in cancer of the prostate be aban- 


doned? Undoubtedly it should be aban- 
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doned in a great many instances; afte: 
the growth has extended beyond the cap- 
sule the lymphatics are probably alw: ays 
involved, and the duration of the patient’s 
life will not be altered, even if the local and 
original growth is softened by the treat- 
ment. Apparently much more good can be 
accomplished by proper care of “the urinary 
retention by means of suprapubic drainag 

or daily catheterization than will be accom- 


Fic. 25 (332,467). Adenocarcinoma of the prostat 
showing well formed and highly malignant cells 
unaffected by radium exposures given in othe 
portions of the gland. 


plished by treating the gland with radium. 
In a few cases a subsidence of the urinary 
obstruction and a marked reduction in the 
amount of residual urine will result but as 
rule the amount of residual urine remains 
unchanged and occasionally the obstruc- 
tion is made greater. In the early cases, in 
which the malignancy is still confined with- 
in the capsule, radium should be used, but 
its application must be modified if better 
results are to be expected even in this 
limited group of cases 

As is apparent in Figure 24, the changes 
due to radium, namely, cell destruction 
and necrosis, are confined to a limited 
area. Sections of other portions of the 
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gland (Fig. 25) show no evidence of radia- 
tion. That such necrosis occurs where 
radium is applied directly into the tissues 
has been clearly demonstrated by Bagg, 
who shows that the area affected by 1 me. 
tube is approximately 1 cm., that necrosis 
occurs for about 1 or 2mm. but beyond this 
point the malignant cells are killed for 
approximately 0.05 cm. Increasing the 
dosage from 1 to 5 mec. does not corres- 


Fics. 26 and 27 (332,467). 


pondingly increase the area of affected 
tissue which remains approximately 1 cm. 
in diameter as before, but it does increase 
the area of necrosis around the emanation 
tubes, a result to be avoided since it 
permits nonseptic toxic absorption and 
is responsible for the so-termed radium 
reactions. 

The poor results in the past have evi- 
dently been due to overradiation of one 
portion of the gland, while other portions 
received too little. The poor clinical results 
are particularly apparent in the cases in 
which needles alone were used, owing 
undoubtedly to the lack of radiation to the 
periphery of the growth, to which the 
gamma rays did not penetrate, or, if they 
did, were scattered and had little effect. 
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It is evident, therefore, that to obtain 
better results, a greater area of the gland 
must be radiated with smaller doses. In the 
past, this has been excessively difficult and 
nearly impossible, for to insert needles 
more than once at a single treatment causes 
too great pain. An attempt was made to 
obviate this difficulty by inserting mul- 
tiple tubes, as described by Bagg, but their 
exact position was uncertain and it was 


Recently radiated area of adenocarcinoma of the prostate, showing the effect of 
radium rays on the individual malignant cells. Marked disintegration has resulted as shown by the loss of 
cell outline, poor staining qualities, and masses of cell fragments. 


difficult accurately to estimate the position 
of the first tubes when the next one was 
applied. It is better not to leave emanation 
tubes in this deep lying gland, for if com- 
plications, such as sloughing, occur, nature 
may attempt to throw off the foreign bodies 
rather than to encyst them. For this reason 
it seems that if radium needles could ‘be 
used more thoroughly, they would be 
preferable. 

The possibility of now using radium 
needles more satisfactorily has recently 
been greatly favored by a method of in- 
serting the radium needles under sacral 
anesthesia, as described by Scholl. He 
states, ““Nerve blocking in no part of the 
body offers more satisfactory or successful 
results than sacral anesthesia. It is not new, 
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nor Is its application to this use unusual, 
but its almost complete neglect indicates 
that its good results are not generally 
recognized.” The absolute anesthesia ob- 
tained throughout the perineum and pros- 
tate, and the complete relaxation of the 


Fic. 28. 


Cross-section 


of pelvis. Radium needles 


inserted into the prostate. 


rectal sphincter make it ideal for placing 
needles within the prostate gland (Fig. 28), 
since the exact location desired can be 
reached without pain to the patient. The 
relaxed rectal sphincter makes careful 
palpation of the growth possible. 

The anesthetic is administered with the 
patient on his abdomen. After sterilizing 
the sacral region with iodine, a 6 cm. needle 
with stylet is introduced through the 
sacral hiatus at the lower end of the sac- 
rum, into the sacral canal (Fig. 29). About 
30 c.c. of a 2 per cent solution of novocaine 
is injected while the needle is being slowly 
withdrawn. After this, the patient is kept 
in the sitting position for from ten to fifteen 
minutes, while the solution diffuses through 
the sacral nerve sheaths. This diffusibility 
is greatly increased if sodium carbonate is 
added to the novocain. The formula is as 
follows: Novocain 0.6 gm., sodium car- 
bonate 0.15 gm., sodium chloride 0.1 gm. 


added to 30 c.c. of freshly boiled distilled 


water gives a sterile 2 per cent solution of 


novocain in normal salt solution. 

The anesthesia is complete and com- 
mences in about four minutes at the 
anosacral area (Fig. 30), the exact location 
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at which the needles are inserted (Fig. 31 

The anesthesia may be repeated at any 
time and the position of the needles in the 
gland changed, so that new areas aré¢ 
radiated. After the second injection the 
anesthesia is much more profound 
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Fic. 29. Cross-section of sacrum. Sacral canal and 
point of insertion of needle. The novocain is give: 
outside the spinal dura mater. 


Fic. 30. Point of initial anesthesia in the perineum, 
which corresponds with point of needle insertion. 


lasts from five to eight hours, permitting a 
third shifting of the radium-containing 
needles and giving the patient a period of 
rest and freedom from pain during the pro- 
cedure. This anesthetic has been used in 
more than 100 instances with complete 
satisfaction. Patients are no longer reluc- 
tant to take a second treatment and the 
increased ease with which the needles are 
applied, owing to the complete relaxation 
of the rectal sphincter, adds greatly to the 
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exactitude of the procedure, and before the 
completion of the treatment all parts of 
the gland will have been radiated. 

The entire treatment is given within a 
few days and the patient need not return 
for subsequent treatments. It is scarcely 


Fic. 31. Six radium needles inserted in the perineum. 
necessary to call attention to the advan- 
tages gained by this method. There is no 
opportunity for growth of the untreated 
portions of the gland between treatments. 


Necrosis does not since 


occur, fibrous 
tissue, which greatly reduces the blood 
supply, has not formed as the result of 


previous ri adium treatment. 


SUMMARY 


The average duration of cancer of 
the prostate, if untreated, is approximately 
three years. 

2. Roentgenograms show that metas- 
tasis to the bone occurs in about one- 
third of the cases of cancer of the prostate. 

3. Metastasis from atypical carcinoma 
of the prostate, in which the cells, because 
of their tendency to early metastasis, 
produce only slight local enlargement, 
may be frequently mistaken for Paget’s 
disease. 

The clinical study of these cases 
demonstrates that in order to treat success- 
fully cancer of the prostate with radium 
it Is necessary to use in the ageregate 
large doses (3,000 to 4,000 mg. hours), 
exposing all parts of the gland to compara- 
tively small doses. 


5. It is demonstrated that the increased 
duration of life following radium treatment 
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in cases of cancer of the prostate Is in 
direct proportion to the amount of radium 
radiation applied. 

6. No one method of application radiates 
all portions of the gland. 

The malignant gland must be radiated 
by urethral and rectal exposures, and by 
needles inserted directly into the neoplasm 
in order to produce complete radiation 
of all portions. 

8. It is demonstrated microscopically, 
that large doses of radium placed directly 
into the gland affect only a limited area; 
this is substantiated by the clinical findings 
which prove that the course of the disease 
after such treatments is but slightly 
affected. 

9. In the parts of the gland affected by 
the radium, fibrous tissue is produced 
which enmeshes and compresses the cancer 
cells, preventing their further prolifera- 
tion. If this process could be brought 


about in the entire growth, complete 
cessation of the disease would result. 


10. Sacral anesthesia is a useful adjunct 
in the application of radium needles, 
making it possible to place the radium 
accurately and to change the position 
of the needles without pain; thus a more 
thorough radiation’ of the gland is 
accomplished. 
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THE ROENTGEN-RAY DIAGNOSIS OF NON-OPAQUE 
FOREIGN BODIES IN THE AIR PASSAGES * 


BY WILLIS F. 


PHILADELPHIA, 


T the meeting of the Eastern Sec- 
tion of the American Roentgen Ray 
Society in January, 1920, Dr. Jackson, ? 
Dr. Spencer and I presented a paper on 
this same subject. The object of the paper 
was to bring to the attention of the roent- 
genologist this very important group of 
foreign body cases, to impress upon him 
the serious nature of the condition, to 
describe briefly the symptoms and physical 
signs, to demonstrate the roentgenologic 
evidence, and to illustrate the value of 
cooperation between the bronchoscopist 
and the roentgenologist. The paper from 
the roentgenologic point of view was based 
on the study of six cases. 


Dr. Samuel Iglauer published two 
articles,?, one in 1911 and the other in 
1912,° in which he described the roentgeno- 


graphic appearance of overdistention of 
the lung of the affected side and displace- 
ment of the mediastinal structures toward 
the unaffected side in peanut cases. One 
of these articles contained the reproduc- 
tion of a roentgenogram which showed the 
signs very beautifully. He also described 
the mechanism by which the emphysema 
was brought about, his theory being, 
“The physiologic inspiratory expansion 
of the bronchus produced a_ valve-like 
action, admitting and entrapping the air 
beyond the foreign body, and this undoubt- 
edly led to an emphysema of the right 
lung,’—the case being one of peanut in 
the right bronchus. 

It seems appropriate to present our 
further studies of this class of cases for the 
reasons that the evidence is of increased 
value because of the constancy of it, that 
there are a few important points not 
mentioned in our former paper, and, 
further, that there are variations and 
complications at times which deserve 
more careful consideration. Then, too, 
there have been twelve cases in which, 
because of history, symptoms, or signs, 
* Read at the Twenty-Second Annual Meeting of THE 
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foreign body has been suspected but not 
actually recovered. A study of this group 
serves to illustrate some of the problems in 
differential diagnosis. 

It is extremely important that every 
roentgenologist should thoroughly 
familiar with these signs, for he is often 
called upon to determine whether or not a 
foreign body is present, and upon his 
decision rests perhaps the very life of the 
patient. 

The present paper is based on a study of 
56 cases in which foreign body was present 
or suspected, and all of these with two 
exceptions (pebble, F. B. No. 
cockle bur, F. B. No. 723) have come to 
Dr. Jackson’s Clinic at the Jefferson 
Hospital since January 1920. 

The cases studied are listed in Table 


624 and 


TABLE 
R. B. | B. | Trachea 
Peanut kernel 16 4 2 22 
Watermelon seed I 2 5 8 
Corn 2 2 } 
Almond kernel 2 2 
Walnut kernel I 
Chestnut kernel I 
Coffee bean I 
Navy bean I I 
Peanut shell I I 
Cockle bur I i 
Corn stalk I 1 
Pebble I 
14 
Suspected cases 12 12 
Total 56 
A brief analysis of the proven cases 


serves to show the constancy with which 
diagnostic roentgen-ray ev idence and local- 
izing signs are present. Although the 
analysis “does not show it, compensatory 
emphysema i is always present in the un- 


affected lung. The cases are listed in the 
sequence of their appearance and_ the 
“F. B. No. ” is that given by Dr. 


Washingtor 


Jac kson. 


1, D. C., Sept 
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Fic. 1a. 
Fic. 1. F 


a) Inspiration; (6 


The roentgen-ray signs of acute obstruc- 
tive monolateral emphysema are: 

1. Increased transparency of the affected 
lung. 

2. Depression and partial fixation of the 
diaphragm on the affected side. 

3. Displacement of the heart and medi- 
astinal structures away from the affected 
side. 

4. Increased excursion of the diaphragm 
on the unaffected side, due to compensa- 
tory emphysema. 

The diaphragmatic signs are the most 
important, for by them alone can one rule 
out compensatory emphy sema. 

In our former paper, sign No. 4 was 
suggested as “Increased density in the 
lung shadows on the opposite side due to 
retained secretions.” We now feel that 
this is not sufficiently constant to be 
classed with those mentioned above. It 
does occur in a small percentage of cases 
and is present probably for the reason 
that the foreign body has shifted from one 
side to the other and caused an inflamma- 
tory reaction, the products of which add 
to the density of the unobstructed lung, 
especially at expiration. 

The above enumerated signs are present 


. B. No. 802. Signs are not marked, but positive. Exposures were made during quiet breathing: 
Expiration; (c) After removal. 


° 


in proportion to the degree of expiratory 
obstruction. They may be so slight that 
repeated observations and exposures are 
necessary to establish them beyond doubt, 
or it may be necessary to make the child 
cry in order to record the changes that 
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#43610 (NS P/( RATION 
CASE O26 


Fic. 2a. 


Fic. 2. F. B. No. 828. Signs are quite marked. High degree of expiratory 
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A361 0 


[Be y Case 


LATING TION 
- 
Fic. 2h 


obstruction. (a)/ Ins diration 


Expiration; (c) After removal. 


occur between full inspiration and full 
expiration (Fig. 1, a, b, c). On the other 
hand, they may be so pronounced that 
even at full inspiration the displacement 
of the diaphragm and mediastinal struc- 
tures plainly indicate obstructive emphy- 
sema on the affected side. The most 
important point to remember is that the 


signs are accentuated most at the end of 


expiration—a point which was not made 
clear in our former report— and no exam- 
ination is complete without instantaneous 
roentgenograms at both full inspiration 
and the end of expiration (Fig. 2, a, b, c). 

We have reasons to believe that these 
signs may be elicited very soon after the 
foreign body lodges. In F. B., No. 824, at 
the first examination, no_ obstructive 
evidence was obtained,—the foreign body 
being in the trachea—but on the second 
examination, within a few hours after the 
first, there was most positive evidence of 
obstructive emphysema of the left lung 
(Fig. 3, a, b, c). The foreign body had in 
the meantime lodged in the left bronchus. 
In F. B., No. 838, the signs were present 
at the first observation, and the foreign 
body had been present only one day. We 
believe further that the inflammatory 


Ev 
TER Ke 


reaction, especially edema, plays an 
important role in the mechanism of obstruc- 
tive emphysema when the foreign body is of 
irregular shape, but that the signs may be 
elicited very promptly if the foreign body is 
of such shape that it will markedly obstruct 


BOY SkB 
Fic. 2c. 


The 


Fay. Case S24. 


AL 3000, 
EXP 


Fic. 3a. 

Fic. 3. F. B. No. 824 
hd at second examination. 
examination; (b) 


Foreig rn body 
Expiration, second examination; 


the inspiratory current and almost com- 
pletely obstruct the expiratory current. 
Slight evidence of these signs Is occasion- 
ally present for a period of hours after 
removal of the foreign body if the inflam- 
matory reaction has been severe, 
it is at all striking or persists after twenty- 
four hours another foreign body must 
be assumed to be present until proven 
otherwise. In F. B., No. 884, the signs 
were present after removal of the first 
foreign body, became still more positive 


and remained so on subsequent days 
until second fragment of peanut was 
removed. Following removal of this, the 


child coughed up a third fragment on its 
way to the ward, after which the signs of 
obstructive emphysema disappeared 
entirely and the child promptly recovered 
(Fig. 4, a, b,c). 

We have noticed that the signs vary 
from day to day to some extent, but we 
are strongly of the opinion that they will 


remain positive as long as the foreign 
body remains in the bronchus, or until 


some change occurs distal to the 
body to prevent further 
In case No. 789, peanut, 


reign 
ingress of alr. 
there was a 
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AZ218 


ATION 
Case 


Fic. 3b. 


- No evidence of foreign body at first examination. Marked expiratory obstruction of left 
had shifted from trachea into left bronchus. (a 
(c) Expiration after removal. 


Expiration, first 


sojourn of nineteen days in a child two 
years of age; in No. 839, watermelon seed, 
the signs were positive after a sojourn of 
three months; and in No. 932, the signs 
were positive when the foreign body, a 


= 
= 
SFTER Removal 
FBDY. 
FIG. 3c. 
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st) 
EXPIRATION 

INSPIRATION | 
Fic. 4a. Fic. 4b. 

Fic. 4. F. B. No. 884. Expiratory obstruction of right bronchus quite positive after removal of first fragment 
of peanut kernel. Signs aye absent after removal of second fragment and expulsion of a third = iment. (a) In- | 

spiration, after removal of first fragment; (b) Expiration, after removal of first fragment; After removal 


of second fragment and expulsion of third fragment. 


portion of peanut. kernel, had been lodged 
in the right lower lobe bronchus forty-five 
days, but i in this case, a man aged fifty-six 
years, the upper lobe was not involved 
(Fig. 5, a, b). 

Obstructive emphysema may be present 
in an upper lobe with beginning abscess 
or increased density due to retained secre- 
tions in the lower lobe, or, one portion of a 
lobe, usually the dependent portion, may 
contain sufficient secretions to cast quite 
positive shadow, while the rest of the 
same lobe shows evidence of air distention. 
It requires very careful observation to 
elicit these combinations of signs. 

We have never seen evidence of obstruc- 
tive emphysema in an upper lobe with 
normal function and normal shadows in the 
lower lobe, but theoretically it might occur. 

Retained secretions beyond the foreign 
body may collect in sufficient amount to pro- 
duce a shadow of increased density in the 
dependent portion of the lung involved. 
This condition has been described by George 
C. Johnston as “drowned lung.” It is more 
or less filmy in appearance, the bronchial 
shadows being visible. It is difficult some- 


INSPIAQMOY 


CZ No) 


times to differentiate this from the early 
stage of actual abscess. In the later stages 
of abscess, the shadow is much more dense, 
the bronchial detail is lost, and the edges 
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have a ragged appearance, and more or 
less round shape. In the one case when the 
area is drained through the bronchoscope, 
the products are mostly of a thick mucous 
character, while in the other, pus is clearly 
and bountifully obtained. After 
of the foreign body 
drainage of retained secretions, the 
shadows approach the normal. In 


removal 


and bronchoscopic 
lung 
Case of 


Non-opaque Foreign Bodies 
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recognized, are practically diagnostic of 
foreign body. This condition is frequently 
seen in metallic foreign body cases, and has 
the same appearance as in the organic 
foreign body cases. On the other hz ind, the 
absence of such sign has no _ negative 
diagnostic value. 

We know that these foreign bodies have 
a tendency to dislodge from time to time, 


Fic. 5a. 


Fic. 5. No. 93 
lobe Is not 


and that displacement « 
a) Inspiration; 


b) Expiration. 
abscess, there is the irregular 
tissues thickened by the infection. One 
rarely sees a cavity after such drainage, but 
may later find evidence of bronchiectasis. 

We know of no law controlling the 
collection of retained secretions In amount 
sufficient to cast a positive shadow, unless 
it is one based entirely on the mechanics 
of the situation,—that is, that the thick 
mucus and products of edema collect 
beyond the foreign body and by 
gravity together with the relatively strong 
current of inspired air go to the dependent 
portion of the lung, where they are not 
influenced by the relatively weak current 
of expired air, the coughing 
physiologic expulsory functions. 

Drowned lung shadows, when definitely 


. Expiratory obstruction of right lower lobe In a man 56 years of age 


density of 


force of 


effort, or 


. Note that the upper 


/f the heart is more striking than fixation of the right diaphragm. 


and it is probable that each time the 
foreign body moves upward, the secretions 
below are evacuated to some extent. 
Then, too, the lymphatics must take care 
of a considerable quantity. By referring 
to the analysis, it will be seen that in F. B. 
No. 787 a quantity was present In a peanut 
case of seventeen days, whereas in F. B. 
No. 839, a watermelon seed had been 
present three months and the lung shadows 
were clear. In this study, roe ntgenographic 
signs of retained secretions were present in 
six cases; of abscess, in three cases. 
Abscess is necessarily the result of infec- 
tion. It seems remarkable, considering the 
degree of inflammation and trauma, that 
infection does not follow more frequently. 
Of course, such a result will eventually 
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occur if the foreign body remains long 
enough, regardless of the nature of the 
foreign body. 

Atelectasis of the entire right lung was 
present in F. B. No. goo, a bean lodging in 
the right bronchus only one day. The 
extreme displacement of the heart and 
mediastinal structures as well as the dia- 
phragm could not be explained in any other 


Fic. 6a. 
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shadow of the left chest as being due to 
“complete consolidation of the left lung.” 
We believe that his excellent roentgeno- 
gram shows a definite degree of atelectasis. 
A completely consolidated [ung should not 
diminish in size and therefore not permit 
marked displacement of the heart and 
contraction of the left chest wall, such as is 
beautifully shown in his roentgenogram. 


A INS PIR@TIOW 
TER [temovar 


Foo 


Fic. 6b. 
Fic. 6. F. B. No. goo. Complete atelectasis of right lung. Note marked displacement of heart, and 
remarkable return of function a few hours after removal of bean. Compensatory emphysema of lef 


lung before removal. (a) Inspiration before removal; (6 


way. This lung was expanded to almost its 
normal capacity within a few hours after 
removal of the bean (Fig. 6, a, b). F. B. 
No. 904, a portion of peanut kernel 
produced atelectasis of the left lower lobe 
and obstructive emphysema of the left 
upper lobe (Fig. 7, a, b). In this instance 
the atelectatic lobe contained a considerable 
quantity of secretions, but the marked 
displacement of the heart toward the 
affected side determines clearly the ele- 
ment of atelectasis. 

Childs,‘ in a report of stx cases of foreign 
body in the respiratory tract, cites two 
instances of navy bean as the intruder. 
In case No. II of his article, atelectasis was 
present. In his other bean case, No. III 
of his report, he interprets the dense 


Inspiration a few hours after removal. 


Fletcher’ also reports the presence of 
atelectasis in the case of a navy bean as a 
bronchial foreign body. 

It would seem probable that atelectasis 
follows only when the foreign body com- 
pletely obstructs the bronchus both to 
ingress and egress of air, the residual air 
being more or less rapidly absorbed. 

The signs of atelectasis are: 

1. Displacement of the heart to the 
affected side. 

2. Retraction upward of the diaphragm. 

3. Marked density of shadows in the 
area involved. 

It is necessary to determine that the 
patient has not previously had an empy- 
ema, since all of these signs may be present 
in certain of its stages. Atelectasis has been 
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present in a few other of Dr. Jackson’s 
cases, in which the foreign body was also 
opaque. These are not included in the 
present analysis. When definitely proven 
to be present, atelectasis is diagnostic of 
foreign body, as well as of its location. 
Compensatory emphysema Is present In 
the other lung. 

Tracheal foreign bodies may 


not give 


INSP IRACOW 
Feoy. C9SE 


ric. F. 
sema left 
tion after removal. 


definite roentgen-ray signs, but when 
they are present are nearly as positive as 
the signs of bronchial intruders (Fig. 8, a, 
b). Fortunately, when they do not present 
the roentgen-ray signs, they usually do 
present the most striking and _ positive 
physical signs. 

Dr. Jackson® says: “Any object small 
enough to pass the glottic chink yet too 
large to enter either main bronchus may be 
found.” In the same treatise, he also 
discusses the influence of shape and charac- 
ter of surface on the location of the object. 
Again, the mechanics of the situation 
determine the presence or absence of 
roentgen-ray signs. For instance, a water- 
melon seed, large enough to enter the 
trachea, may be too large to enter a 
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bronchus, and, because of its flat shape, 
may allow free passage of air both during 
inspiration and expiration, so that obstruc- 
tive emphysema may be entirely absent. 
In five of the nine cases of watermelon 
seeds included in this study, roentgen-ray 
signs were absent. However, in one of the 
five, at a subsequent observation, there 
was positive evidence of obstructive 
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Moy AL. 


Faby. Jou 


B. No. 904. Partial atelectasis and retained secretions left lower lobe. Slight obstructive emphy- 
upper lobe. Compensatory emphysema right lung. (a) Inspiration before removal; (6) Inspira- 


emphysema of the left lung (F. B. No. 
824). The seed had become at least tempo- 
rarily impacted in the left bronchus. Of the 
other four cases of watermelon seed, three 
showed signs of monolateral obstructive’ 
emphysema, and one was not examined 
before removal. 

On the other hand, a tracheal foreign 
body that does not move freely, and, 
because of its size and shape, interferes 
with respiration to a considerable degree, 
will manifest the signs of obstructive 
emphysema of both lungs. The diaphragm 
is depressed on both sides and is lower on 
expiration than on inspiration, being over- 
come by the more powerful intercostal 
muscles of respiration; the heart is more in 
the median line and more vertical, appear- 
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ing in its entirety above the diaphragms. 
These signs will be very slight or quite 
positive, according to the degree of obstruc- 
tion. Occasionally they are distinguishable 
only by comparing roentgenograms made 
after removal with those made 
removal. They are always more pro- 
nounced if the child struggles or cries, but 
it frequently occurs that the patient will 


re 


47353 fo 
$92 


Fié. 8a. 
Fic. 8. F. B. No. 892.*Quite marked depre 
tion of both lungs. Peanut in trachea. 


breathe quietly with the utmost determina- 
tion, for the reason that any violent expira- 
tory effort is apt to force the foreign body 
upward against the glottis and produce an 
agonizing paroxysm. 

A separate brief analysis of the twelve 
suspected cases Is OTN en to avoid confusion 
with proven cases of foreign body. Case 
number refers to serial number of X-Ray 
Department records. The number given is 
for the first examination only. All cases 
were examined repeatedly; a new serial 
number, given each time, is not shown 
here. 

Of the twelve cases listed and analyzed 
as suspected or unproven cases, all had 


some or all of the symptoms and signs of 


foreign body, usually severe dyspnea, 


paroxysmal cough, wheeze, etc., to a 
suflicient degree to warrant roentgen-ray 
examination. 

It is difficult to estimate the value of 
the study of these cases because of lack of 
proof in some of them, especially those 
with positive or suggestive history of aspi- 
ration of foreign bodies, but we feel that 
our assumptions as to probabilities are fair. 
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Fic. 8h. 


ssion of the diaphragm on both sides, rotation of heart, overdisten- 
Expiration before removal; (6 


Expiration after removal. 


Case 46,309 was particularly puzzling. 
Signs of obstructive emphysema were 
quite positive, especially at the second 
examination. The dyspnea was distinctly 
expiratory. The dense pathology was not 
extensive and we could not determine that 
there was pressure stenosis from without. 
The bronchoscopic examination was made 
before the child came to Jefferson Hospital, 
so that we were unable to exclude the 
element of trauma. Bronchial ulcers were 
reported present. The child was not in con- 
dition at any time for a second bronchos- 
copy. Even though the chest signs did 
disappear to some extent, the child 
developed a severe gastro-enteritis from 
which it died. One other point in the his- 
tory was of importance. Ten days after 
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Fic. ga. Fic. gb. 


Fic. g. (a) First examination revealed enlarged glands compressing trachea and right bronchus; (b) Se« 
examination after roentgen-ray treatment shows glands reduced in size; (c) Third examinatior fter 
further treatment and probable breaking down of gland and spreading of infection. Patient recovered 


admission to Dr. Jackson’s clinic, the 
child coughed up three fragments of soft 
consistency which on drying became very 
hard. Following this, obstructive signs 
diminished but did not entirely disappear. 
We feel it is entirely possible that a foreign 
body was present and in part remained. 

Case 41,741 was probably one of diffuse 
tracheobronchitis complicating pneu- 
monia, and the slight obstructive emphy- 
sematons signs due to thick secretions. 
These signs disappeared gradually after 
tracheotomy and removal of secretions. 
At the first examination we believed a 
foreign body was present, but changed 
this opinion at subsequent observations. 

Cases 45,155 and 47,280 were interesting 
because the cause of obstructive emphy- 
sema was shown to be due to pressure on 
the trachea or bronchus by greatly enlarged 
glands (Fig. 9, a, b, c). 

Case 48,367 was especially interesting 
because of the positive history and the 
presence of roentgenographic evidence of opinion that the foreign body had been 
lobar pneumonia without any character- expelled before our examination, but had 
istic signs of foreign body. The lung cleared caused bronchial inflammation which com- 
as if by resolution, but the physical signs plicated the physical signs of the pneu- 
were atypical. Dr. Jackson was of the monia that intervened. It is a well prove 
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fact that bronchial foreign are 
occasionally expelled spontaneously. 
Children rarely expectorate the secretions 
brought up by coughing, so that the 
organic foreign body may easily be lost. 

It is not practicable to give detailed 
histories of these eases, even though they 
are extremely interesting and important, 
but they do support the brief analysis 
and assumptions shown above. 

The handling of the patients is a matter 
of the utmost importance. They are 
generally dyspneic and apprehensive, and 
often greatly exhausted as well as toxic. 
Sudden shifting of the foreign body from a 
bronchus to the under surface of the glottis 
causes a violent paroxysm and may even 
produce sudden death, so that it is our rule 
to handle these children gently, I might 
almost say tenderly, and yet with a degree 
of firmness and alacrity that will permit 
of careful fluoroscopic study, as well as 
film exposures. We do not object to the 
child’s crying, but do try to prevent 
struggling by holding the legs, arms and 
head firmly. This is especially important 
in making film exposures in order that the 
patient may be on the cassette and the 
exposure may be through the median line. 

On the fluorescent screen one observes 
the movements of the diaphragm and 
heart, and the changes in the lung shadows 
due to entrance and exit of air. When the 
obstruction ts slight, the lateral movements 
of the heart may be more striking than the 
limitation of motion in the affected dia- 
phragm, and the heart moves away from 
the obstructed side at expiration. The 
more fixed and depressed the diaphragm, 


be dies 


the greater is the lateral displacement of 


the heart. In severe cases, the affected 
diaphragm may be lower at expiration 
than at inspiration. Slight difference in 
transparency between the two lungs may 
escape detection by the screen, but be 
recognizable on the film exposed at the 
end of expiration. The screen examination 
gives immediate information, and one Is 
sure to see the extremes of inspiration 
and expiration. 

For roentgenographic 
duplitized films and 


study we 
double 


use 


screens. 


Exposures are always made at the end of 


inspiration and at the end of expiration, 
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and it is sometimes necessary to repeat 
the exposures to make sure that they 
were made at the end of inspiration and 
expiration. 

The exposures are all made with a 
constant tube-plate distance of about 36 
inches (the greatest our apparatus will 
permit), in a small fraction of a second, 
probably one-fifteenth. 

The patient lies on his back and if not 
entirely submissive we have nurses hold 
the arms, head and legs. If too quiet, and we 
are in doubt after the screen examination, 
we gently make the child cry a bit in order 
that we may get exposures at full inspira- 
tion and full expiration (Fig. 10, a, b, c). 
One must, as it were, “shoot on the wing” 
to get the exposure at the proper time, for 
rarely will the child take a full breath 
and hold it, or exhale and stop at one’s 
bidding. The exposure at the end of expira- 
tion is always the important one. Exactly 
the same technique should be repeated 
after removal of the foreign body, and 
if the signs persist to an appreciable degree 
twenty-four hours after removal, a second 
foreign body should be accused until 
proven absent. 

We have neither the space to include, 
nor the ability to describe, the physical 
signs and clinical diagnosis, but there are 
many features and variations that are 
unusual and puzzling to the clinician who 
has not had considerable experience in 
connection with a bronchoscopic clinic 
where the fortunate cases ultimately go 
for relief of some sort of obstruction to 
breathing. It is a fact, however, that in 
Dr. Jackson’s clinic the diagnosis and 
localization, made from the history, phys- 
ical signs, and clinical evidence, are 
extremely accurate. The reader is referred 
to the articles listed in the bibliography for 
information on this phase of the subject. 

The roentgenologist should at least have 
as accurate a history as possible, not only 
as to the time of onset but particularly 
as to the nature of the intruder, and he 
should not on his own responsibility make 
a negative foreign body diagnosis, espe- 
cially of such an object asa watermelon seed 
or other body that might be in the trachea 
and not produce marked obstruction. He 
should insist upon repeated examinations 
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Fic. 10¢. Fic. 10d. 


Fic. 10. F. B. No. 875. This patient was unusually good and breathed according to instruction. Note tl 
at full inspiration, aeration of the two lungs is nearly equal, whereas in (b) the evidence of obstructive 
emphysema of the right lung is striking at the end of full expiration. Compensatory emphysema of left 
is quite evident. (c and d) All signs disappear after removal of foreign body. 
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unless all signs and symptoms disappear, 
and even then have the utmost respect for 
a positive history because of the delusive 


period of calm that Dr. Jackson has 
described. 

We believe firmly that any organic 
foreign body lodged in the air 


passages 
will eventually cause death if not expelled 
or removed, and it is most dangerous to 
hope for spontaneous expulsion. On two 
occasions to our know ledge, physict lé ins 
have told the parents that the * 
would dissolve. This is an 
founded as it is dangerous. 
[he writer is deeply indebted to Dr. Jack- 
son for his interest and encouragement, as 
well as for his permission to use the material 
of his clinic in making this presentation. 


‘peanut’ 
error as un- 
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DISCUSSION 
Dr. Gray. I had a case recently, a child 


approximately two years old that gave no defi- 
nite history of aspirating peanuts but had been 
eating them. There developed shortly after- 
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Jackson, 
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wards what appeared to be bronchitis. I went 
through the procedure which Dr. Manges has 
described, and could find no evidence whatever 
either on the fluoroscopic or plate examination 
of obstruction. There was some blurring and 
some haziness of the bronchial ‘tree and the 
physical signs showed bronchitis on both sides. 
A negative report was given, but the child 
continued to have trouble and began to grow 
rather suddenly worse after a few weeks. It 
was again referred to me and this time I found 
a distinct consolidation which proved to be 
pneumonia, I recall, of the lower lobe of the 
right lung. Diagnosis of obstruction was then 
made and the case referred by me to Dr. 
who removed several fragments of 
peanut from the bronchus leading to this lobe. 
t account for my failure to find any evidence 
when the case was first referred to me by the 
fact that the small fragments were merely 
acting as irritating foreign bodies without being 
obstructive. Later on, when the inflammatory 
process had persisted to such an extent as to 
obstruct the bronchus, the positive signs that I 
subsequently found showed themselves plainly. 
We are entirely too prone, when a vague, 
indefinite history of aspiration comes to us 
and we fail to find on first examination any 
evidence of obstruction or the foreign body, to 
dismiss the case with the statement that there 
is no foreign body. This case has proven to me 
that we should not do that, but should keep the 
case under observation for at 
months. 

Dr. Stewart. I feel I cannot let this 
opportunity pass without the Society realizing 
the great advantage they have had in listening 
to this paper by Dr. Manges, who has had 
a very unusual opportunity in studying these 
cases. We have seen his gradual development 
in the work and I feel now that he is one of the 
best authorities on the subject of foreign body 
in the lung that we have among us. I therefore 
cannot pass without expressing my apprecia- 
tion of his work as he has shown it to us today. 

Dr. LEWa.p. I would like to state that the 
use of the Potter-Bucky diaphragm gives one 
a very decided advantage in studying the 
bronchi on the left side. I know of a case of a 
pin which was missed because it was in the left 
bronchus behind the heart shadow. If you will 
look at lung plates taken with the diaphragm, 
you will be able to trace the branches of the left 
bronchus well down behind the heart, and the 
lower lobe bronchi on each side can be traced in 
a most satisfactory manner. 

I advocate the use of the Potter diaphragm in 
all cases where the foreign body is not imme- 
diately seen. 


least several 
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Dr. Kann. I want to thank Dr. Manges 
for the kind omission of my name in one of the 
cases. I want to add my words of felicitation to 
Dr. Stewart’s. I think I have learned more in 
these few minutes than I have in a few years. I 
want to thank Dr. Manges again. 

Dr. Keitru. Those of us who have followed 
Dr. Jackson’s work in opaque foreign bodies 
know how he emphasizes the use of lateral 
plates. I want to ask Dr. Manges if he has 
found lateral plates to be of any service. 

Dr. Hickey. I think this brings out the 
fact that examination should be more than 
a matter of routine. One of our oculists in 
Detroit, if there was any injury to the eye, 
always assumed the foreign body to be present 
until it was disproved. 

I think this should be the attitude of roent- 
genologists when they are called in consultation 
in these cases. I have had the opportunity of 
viewing them from both sides; from operating 
on them and from making diagnoses. When 
a case comes in with a suspicious history, 
the only safe thing to do is to assume a 
foreign body is there until you are quite sure 
it is not. 

Dr. Mances (closing discussion). First in 
reply to Dr. Gray. Without having my case 
records here I am sorry | cannot give him a 
specific answer. I recall very definitely two 
cases—one was one of the cases I referred 
to in my paper—in which a foreign body was 
not found at bronchoscopic examination 
although there was bronchoscopic evidence of 
it. It was very clear in Dr. Jackson’s mind, that 
a foreign body of the arachidic group had been 
there shortly before. Another time during a 
bronchoscopic operation he had removed some 
small fragments of peanut kernel that had 
become loose into the muco purulent materiai 
when suddenly a fragment of considerable size 
shot out through the bronchoscope and landed 
at a distance of three or four feet from where 
he was standing. This shows that there is 
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always a possibility of the child getting rid of a 
foreign body without your knowing it. So | 
would like to take this attitude for the present; 
that unless you can demonstrate by roentgeno- 
gram some other cause for obstructive emphy- 
sema, you are safe in assuming that there is a 
foreign body present. Or when a child shows 
signs of dyspnea and you see no evidence of 
solid pathology in the lung field, the fact that 
the bronchoscopist does not find it at the time 
of operation, does not prove it is not there. In 
another case a child was under ether for forty- 
five minutes and one bronchoscopist failed to 
find a watermelon seed which was afterward 
removed by Dr. Jackson. We ought to assume 
that these signs do indicate foreign body unless 
we can prove there is something else present. 

In Dr. Gray’s case he said the foreign body 
was found, whereas he got no signs. I have 
tried to point out that in the less violent stages 
of reaction, and especially after the first severe 
attack is over, there comes a period of more or 
less calm when the foreign body goes to some 
place and stops. Then the child soon learns to 
breathe easily. If not, he gets these recurrent 
strangling attacks. The x-ray signs may be 
comparatively slight and you must get him to 
take full inspiration and full expiration, even 
if you have to gently make him cry. 

With reference to lateral plates. When we see 
children who are dyspneic we handle them 
gently; we do not struggle with them; we do 
not examine them in the lateral views until we 
are convinced that there is no evidence of 
obstructive foreign body. We always use the 
lateral position in any other group of foreign 
body cases. 

Dr. Hickey is right in saying that we should 
assume, when a child has recurrent strangling 
attacks, with or without history, that there is a 
foreign body there, until we prove there is not. 
One must repeatedly examine children. One 
time or another one will catch the foreign 
body producing obstruction. 
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fluoroscopic examination of the 
heart has been steadily growing in 
popularity in America, due to the perfec- 
tion and precision of the method as devel- 
oped in France. We feel that in experienced 
hands the information derived from its 
employment is both valuable and reliable. 
We have used it for a term of practically 
three years with increasing satisfaction. 
It seems unnecessary today to have to 
justify its position as a diagnostic aid. 
It is more in point to determine by actual 
test the value of the various interpreta- 
tions. With this end in view we set out to 
examine roentgenologically 100 consecutive 
cases of normal and pathological hearts, by 
all the accepted methods. This procedure 
extended over a period of a little over four 
weeks. In the series are included 102 cases 
made up of 47 males and 55 females. 
Classified clinically 72 had normal hearts 
and 30 were pathological. The series was 
not large enough to include all the usual 
types of cardiac pathology. Little that is 
new is offered. Practically all the conclu- 
sions which we have reached are to be 
found in the excellent monographs of 
Vaquez and Bordet, Bardeen, and Van 
Zwaluwenburg. 

Our procedure was first to take a stan- 
dard 7 foot plate of the patient in the erect 
osition in the manner described by 
anes and Ruggles. This method does not 
differ materially from the original proce- 
dure of Bardeen except that the patients 
were roentgenographed in the standing 
position. An was then made 
of each patient, the ray passing through 
the chest in a sagittal plane. The patient 
was then rotated to the left and observed 
in the right anterior oblique position. 


CALIFORNIA 


Finally each case was studied in the right 
posterior oblique position. 

The area of the heart shadow on the 7 
foot plate was measured by planimeter and 
was also computed by applying the method 
of Van Svan The width of the 
chest wall of each case was measured and 
compared with the total transverse diam- 
eter (sum of MR and ML) of the heart 
according to the method of Danzer. The 
area of the orthodiagram was then meas- 
ured by planimeter and also computed by 
the method of Van Zwaluwenburg. 

From our comparison of the clinical 
value of the 7 foot plate and the ortho- 
diagram we are convinced for several 
reasons that the latter is both the most 
valuable and the most accurate method. 
It enables us to establish the left auriculo- 
ventricular junction, which is the most 
important point on the heart silhouette. 
We can better outline the heart shadow 
and study its motion and dynamic rela- 
tionship to the other organs of the chest, 
and are enabled to examine the heart in 
the oblique positions. 

We shall discuss the results of our 
studies under four headings. 


I. THE CARDIAC FORM 


Roughly, we may say that the normal 
cardiac outline is represented by a series 
of curved lines. On the right side are two 
fairly broad curves, the lower one repre- 
senting the border of the right auricle, 
and the upper, less well defined, represent- 
ing, in most cases, the right border of the 
superior vena cava, sometimes the right 
border of the ascending arch. The latter 
soon becomes lost in the mediastinal 
shadows, to reappear on the left side as 


* Read at the Joint Meeting of the Medical and Surgical Association of the Southwest and THe Paciric Coast RoENTGEN Ray 
Society, Phoenix, Arizona, Dec. 1, 1921. 
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a semicircle representing the transverse 
portion of the arch. The Teft border of the 
descending arch may usually be distin- 
guished as a straight line, approximately 
tangential to the alow of = transverse 
arch. Immediately beneath the transverse 
arch one sees with greater or less distinct- 
ness, a curved line, convexity outwards, 
representing the ascending and transverse 
portion of the pulmonary arch. Its down- 
ward extension is in an almost straight 
line diverging slightly to the left and in 
some cases directly joining the left ventri- 
cle, which is the most conspicuous curve 
in the entire silhouette, running obliquely 
downward to the region of the apex beat 
and beyond to disappear beneath the left 
diaphragm. Its exact relation to the dia- 
phragm depends upon the habitus of the 
patient. In slim individuals and in quiet 
respiration the apex may be entirely free 
from the dome of the diaphragm. In most 
normal individuals it is almost entirely 
exposed on deep inspiration, while in those 
with a high diaphragm, particularly the 
obese, the left ventricular border may be 
interrupted above the point where it 
reaches its maximum distance from the 
midline. 

Interposed between the pulmonary arc 
and the ventricular arc in the majority 
of cases one sees a short straight line which 
represents the left auricle. It can be recog- 
nized from the ventricular shadow by the 
time of its contraction, its lower limit being 
marked by the point of minimum excursion. 

The typical forms of heart silhouette, 
such as the drop heart of visceroptosis, 
transverse heart of old age and shetty, 
the boxing glove heart of mitral stenosis, 
the eal heart of mitral regurgitation, 
snub nose or shoeshaped heart of 
the aortic regurgitation, the water-bottle 
shadow of pericardial effusion, have long 
been accepted among orthodiagraphers, 
and require no comment. 

Vaquez and Bordet make use of various 
iil’ diameters or chords to express 
numerically variations in size of different 
chambers of the heart. The basal diameter 
is drawn from the right auriculo diaphrag- 
matic junction to the left auriculo ventric- 
ular junction, and corresponds to the 
oblique diameter of other authors. While 
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this diameter is believed to measure the 
development of the base of the ventricles, 
in our experience we have found it of very 
little value. They have also introduced 
new diameters. The so-called left ventricu- 
lar diameter extends from the left auriculo 
ventricular junction to the apex and it 
presumes to measure the longitudinal 
development of the left ventricle. While 
our experience with this diameter is 
limited, we see no advantage in it over the 
portion of the long diameter lying below 
and to the left of the oblique diameter. 
Vaquez and Bordet measure the degree of 
curvature of the left ventricular contour 
by the length of the chord of the are which 
it describes. The right ventricular diam- 
eter is drawn from the right cardio dia- 
phragmatic angle to the apex of the heart, 
and is presumed to measure the develop- 
ment of the right ventricle. The right 
auricular diameter joins the right cardio 
diaphragmatic junction to the auriculo 
caval junction and presumably measures 
the volumetric evikindbeilk of the right 
auricle. The left auricular diameter con- 
nects the most salient point of the left 
auricular contour with the median line, 
which is presumed to represent the inter- 
auricular septum. We would consider this 
latter diameter as of exceedingly doubtful 
value. 

Van Zwaluwenburg’s reductions of the 
changes in shape of the heart silhouette 
to a simple numerical expression have 
proved of extreme value in our hands. He 
pointed out in 1911 that the oblique diam- 
eter roughly corresponds to a dividing line 
between the auricles and ventricles; conse- 
quently the area above and to the right 
of this line can be considered an index 
of the auricular area, while that to the left 
and below represents the size of the ventri- 
cular portion of the heart. This relation- 
ship is expressed numerically by dividing 
the length of the auricular segment by the 
length of the ventricular segment of the 
long diameter, and is called the auriculo- 
ventricular (a-v) ratio, or the index of the 
heart. Normally it is approximately 0.55. 
With an increase in the auricular area its 
value rises. Relative increase in the ven- 
tricular size diminishes the index. While 
this index has many defects and varies 


A Practical Method of Roentgen Examination of the Heart 307 


widely, depending upon the elevation of 
the diaphragm in normal subjects, and 
is disregarded in such cases except as an 
index to the posture of the heart, it is of 
great importance in the estimation of the 
relative size of the different chambers of 
pathological hearts. 

The examination of the patient in the 
right anterior oblique position as advocated 
by Vaquez and Bordet, we consider of 
great practical value. These authors have 
shown that narrowing or obliteration of 
the upper third of the uniform clear stripe, 
which represents the posterior mediasti- 
num signifies dilatation of the aortic arch; 
that encroachment in the middle third 
means enlargement of the left auricle; and 
modification of the lower third spells 
enlargement of the right auricle, sometimes 
of the right ventricle. 

The examination of the patient in the 
right posterior oblique position to deter- 
mine the depth of the ventricles has proven 
of less uniform value in our hands in 
patients of widely different habitus such 
as make up our population. 

With the data from these examinations 
at hand we can furnish the clinician a 
quantitative estimation of the qualitative 
valvular changes which he has determined 
by auscultation. 


II. THE CARDIAC SIZE 


Shattuck in 1916 demonstrated by roent- 
gen-ray methods the inaccuracy of percus- 
sion in the estimation of the size of the 
heart. 

Danzer in 1919 revived the so-called 
cardio-thoracic ratio as a means of esti- 
mating cardiac hypertrophy. According 
to this method, the heart is said to be 
definitely enlarged when its total trans- 
verse diameter exceeds one-half of the 
internal diameter of the chest. In our 
series practically all the normal hearts 
with the exception of the visceroptotics 
show cardiac enlargement according to 
this method. Naturally the method ignores 
variation in position of the diaphragm. 
It would seem from our investigation 
that it is more accurately an index of the 

osture of the heart than of the size of the 
eodt. Attention is invited to a few specific 


instances. Case 02 weighing 175 pounds, 


by planimeter showed a heart area well 
within normal limits. According to Danzer 
this heart shows 19 per cent enlargement. 
Case 022 of compensated mitral stenosis 
complicated by mitral regurgitation by 
planimeter showed an area of practically 
160 per cent. According to Danzer this 
heart showed 1 per cent enlargement. Case 
056, mitral regurgitation, according to 
planimeter showed a cardiac area of 167 
per cent. According to Danzer this heart 
showed 20 per cent enlargement. Case 
049, myocarditis without dilatation, ac- 
cording to planimeter showed an area of 
150 per cent. According to Danzer this 
heart was not enlarged. Bardeen has 
shown that in order to use the transverse 
diameter of the heart as an index of area, 
the diameter should be squared. When 
this was done the variations were so great 
as to be impracticable. 

While it will be seen at a glance that 
the cardio-thoracic ratio is grossly inac- 
curate considered as an index to the size 
of the heart, it is conceivable that it 
might be of limited assistance in determin- 
ing changes in the cardiac condition as 
the result of treatment. A heart whose 
size Is estimated at a time of dilatation 
with enlargement of the liver due to 
congestion and a consequent rise in posi- 
tion of the diaphragm will naturally show 
a high cardio thoracic ratio. Such a case 
after treatment and relief of cardiac dilata- 
tion and engorgement of the liver will 
show a true decrease of the cardio thoracic 
ratio due to the alteration of these two 
factors. However, we cannot see that the 
method has any degree of superiority over 
the simple super-position of one plate over 
another. In our practice, we report the 
MR and ML merely that the clinician 
may check his percussion. 

Claytor and Merrill in 1909 proposed a 
method of approximation of the heart 
area based upon 70 per cent of the product 
of the long diameter and the transverse 
diameter. Objections to this method im- 
mediately arise. The method makes use of 
the transverse diameter. The factor .7 is 
an arbitrary factor. Their calculations 
have been proved inaccurate beyond a 
degree of practicability. This imaccuracy 
is largely due to the fact that the two 
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diameters used in computation intersect 
at angles of varying obliquity. In other 
words, the results are not independent of 
the position of the heart. 
olmes and Ruggles describe the meth- 
od of estimation of heart size used at 
the Massachusetts General Hospital. The 
method is applicable to both the ortho- 
diagram and the plate. The conventional 
MR and ML and longitudinal diameter are 
drawn. A line is drawn perpendicular to 
the long diameter conniies to the right 
auriculo diaphragmatic junction or the 
most salient point on the right border. 
Another line perpendicular to the long 
diameter is drawn to the most salient 
point on the left border, or to a point on 
the border of the left auricular appendage. 
It is argued that the sum of the lengths of 
these perpendicular lines is increased with 
enlargement of the auricles, while the 
long diameter is increased with ventricular 
enlargement. Careful examination of the 
figures in Holmes and Ruggles’ book lead 
us to believe that their perpendicular 
lines are not always drawn to even approxi- 
mately the same points on the cardiac 
borders, and that consequently they are 
not comparing aliquot portions of hearts. 
They offer no method for computing the 
heart size. We can see no superiority of 
the broken perpendicular line over the 
greatest perpendicular to the long diameter 
erected in the closed cardiac outline. 
Bardeen estimates the cardiac size by 
the use of the planimeter on a 7 foot plate. 
His tables of the heart size are the result of 
careful investigation and are fairly accu- 
rate. In our own series the discrepancy 
between the planimeter measurement of 
the orthodiagram and the _planimeter 
measurement of the 7 foot plate has been 
practically constant, the average being 
30 per cent. It is true, some of the figures 
vary widely from the constant, but these 
variations are due to qualities other than 
those of computation. In the first place our 
areas are uncorrected as we did not record 
the anteroposterior diameter of the chest 
in expiration. Other factors which account 
for the discrepancy of our figures may be 
mentioned. While the greatest care was 
exercised in taking our 7 foot plates 
we were impressed during the procedure 
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with the apparent wide variation in 
distance of the chest wall to the plate in 
different patients due to peculiarities of 
stature and shape of the chest. Such varia- 
tions naturally made considerable differ- 
ence in the final computation. We believe 
the most important factor which entered 
into our error was the difficulty en- 
countered in faithfully tracing the car- 
diac shadow. Our plates were technically 
good. However, we are dealing with a 
shadow of a moving body undergoing two 
separate and distinct types of motion, 
one that due to respiration, and the other 
due to the heart action itself. The heart is 
not an organ of uniform density. Often 
the apex which is the thinnest portion of 
the cardiac shadow would be lost behind a 
high diaphragm or diffused in the stomach 
bubble. In the cases of drop-heart or 
displacements and distortions x te to pul- 
monary pathology, the right border was 
often overridden by the spinal shadow or 
lost in a maze of scar tissue, and it was 
only with the greatest difficulty that we 
could reasonably approximate the actual 
size of the shadow. These difficulties were 
not encountered in the orthodiagram. The 
very motion which rendered the outline of 
the apex indistinct in the plate aided the 
eye in tracing it before the fluoroscope. 
Likewise the motion of the borders‘and the 
ability to rotate the patient for a moment 
so as to locate the definite cardiac border 
in the oblique position aided in the accu- 
racy of the orthodiagram. 

The area of the heart shadow on the 
plate computed by applying thereto the 
formula for the area of an ellipse approxi- 
mated the planimeter value surprisingly) 
closely, the average error being about 2 
per cent. 

Naturally any accurate formula for the 
estimation of the size of the heart must 
make use of factors which are uninfluenced 
by the widely variable relative position 
of the heart. Van Zwaluwenburg has pro- 
posed that the heart be considered as an 
ellipsoid, and has applied thereto the 
formula for the area of an ellipse which is 
the product of the long diameter drawn 
through the center of the figure and the 
short diameter erected perpendicular there- 
to at the widest portion of the shadow, 
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multiplied by .7854. The result obtained 
by such computation in 60 cases showed 
an average error of a little over 3 per cent 
as compared with planimeter values, the 
greatest variation in any one case being 
8 per cent in a heart of very doubtful 
and irregular shape. We have compared 
our results obtained by this method of 
computation with the planimeter values 
and have found an average variation of 
2.6 per cent with the greatest variation of 
6.9 per cent, 5 of our cases checked within 
.I per cent, 22 checked within 1 per cent. 
45 checked within 2 per cent, 62 checked 
within 3 per cent, 82 cases less than 4 per 
cent, QI cases less than 5 per cent, 100 
cases less than 6 per cent, 2 cases above 6 
per cent. We have consequently adopted 
this procedure as a basis for estimating 
the cardiac area because it introduces a 
practically negligible factor of error. 

Bardeen has shown that a considerable 
portion of the left auricular appendage 
and presumably a portion of the base of the 
heart is excluded from the closed cardiac 
outline formed by joining the right auri- 
culo caval junction to the left auriculo 
ventricular junction in a gentle curve and 
similarly closing the lower opening. The 
method of estimation consequently does 
not include the entire cardiac area. How- 
ever, the computed area is expressed as a 
percentage of the normal for the individual, 
and it is submitted that one can accurately 
determine the relative size of two similar 
bodies by estimating adiquot portions 
and expressing the same in a ratio. 

Since the estimation of area is expressed 
in percentage of the normal, the computa- 
tion can be further simplified by dropping 
the factor .7854 which appears in both 
numerator and denominator of the ratio. 
In practice, therefore, we multiply the 
long diameter by the short diameter and 
call this product the P O D (Product of 
Diameters). The product so obtained is 
divided by the corresponding value from 
a table of normal PODs of the basis of 
body weight. Hearts falling between 100 
per cent and 110 per cent are considered 
normal according to the table which we 
employ(Fig. 1). This table of normals when 

lotted into a curve falls very nearly on a 
Ene representing the following relationship. 


The area in square centimeters is equal to 
a constant times the cube root of the 
weight in pounds squared. Except as to the 
constant, this table is in close harmony 
with the values for cardiac area deduced by 
Bardeen and is a simple expression of the 
hypothesis that the weight of the heart 
varies directly with the weight of the 
body and that comparable areas on similar 
volumes vary as the cube root of the 


NORMAL RATIO 
BODY WEIGHT P.c.4 


2 


0) 


m (bs Avorrdupors 


(80 « 2) 


Body Weight 


Fic. 1. Table showing relation of P O D to normal body 
weight. Experience has shown that this table ts 
approximately 5 per cent too low. Consequently 
hearts ranging from 100 to 110 per cent of the values 
in this table are considered normal. After Van Zwalu- 
wenburg. 


squares of these volumes. Anatomically it 
has been repeatedly proven that the heart, 
of all the organs, is the most closely related 
in size to the size of the body as a whole. 
While the size of the heart depends on a 
large number of factors including weight, 
habitus, position, excursion of pulsation, 
age, sex, and pulse frequency, it has been 
borne out by clinical experience, and there 
is abundance of proof both anatomical and 
roentgenological, that the weight is far 
the most important factor. As a matter of 
fact, height, sex, and age have a very 
subsidiary value except at the extremes 
where the estimation of their effect is 
rarely difficult. A factor which is of greater 
importance than any of these except weight 
is the pulse rate. We are in accord with 
Van Zwaluwenburg in the opinion that a 
rapid heart with an area of 110 per cent is 


| 
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CLINICAL CLASSIFICATION OF ONE HUNDRED TWO CASES WITH MEASUREMENTS AND 
COMPUTATIONS 
22 B |Es Planimeter Computation aa 8 
= | be |S 2a 2a) 2.58.0 
NorMALS 
Sor4| M 6 100.8 136.6) 34 95.8 98 144.7) 51 —4.9 | Pulmonary tbc. Underweight. 
M (24 1400.7012.624.8 2  96.7125.8) 30 | 93.5)119 126.4) 35 —3.3 | Pulmonary tbc. Underweight. * 
077 F | 71.7 93.1| 29 | 73.0) 98) 97.1! 33 +3.2 
So16 M 0 | 92.9 126.6) 36 | 86.4|110 127.8 48 —6.9 
F 25 0 | 65.5 83.2) 27 68.3\102 86.7) 27 T4-3 
F 271200.54'12.5 23.11 9 | 85.7 99.7| 16 82.5117 97.9 18 —3.7 | Member of B family.t 
124 M 20175 0.7013.927.5| I | 97.0 112.2) 10 101.3 110 111.6 +4.4 
045 F 47'1480.5213.025.8 | 88.6124.0) 41 90.3 109/125.5 39 +1.9 | General paresis. 
073 F 8 | 90.5 130.5 44 80.5 109 128.7 43 —1.6 
044 M 23:135 0.7012.3 26.4, | 82.0123.1, 51 84.8 110 133.7 55 +3.4 | 
047 F 4 | 78.0, 95.0 22 77.0 110/108.5 41 —1.3 | Chronic pulmonary tbc. 
023. F (24\1350.5414.024.0 16 | 85.9 117.1| 36 88.8 114 118.1) 33 +3.4 | Member of B family.t 
F (381280.55 11.5 23.2) © | 83.6112.1| 34 80.1 100 113.0 41 —4.2 | Chronic pulmonary tbc. 
02) F (62/175 | 91.7 105.3; 14 | 94.2 103 106.7) 13 +2.7 
Soo F © | 85.8 114.0) 33 7.9 109 II5.4 31 +2.4 
| 79.1 95.4) 21 80.1 100.0 25 +1.2 
048 F (40185 14 | 89.6117.4) 31 | 88.0 93 115.0 31 —1.8 | High diaphragm. 
F 23 1300.5910.3 24.2; | 74.6 86.0) I5 71.5 96 90.2 26 —4.1 
OSI F (36125 0.60 12.0 23.8 I 84.7.107.2| 26 | 32 —3.5 
032) F 25 12 | 76.6)106.3) 38 77.0 101.9 32 +o.4 | Hereditary lues. High diaphragm. 
053\| F 341300.47|12.122.0 10 | 71.2 93.6| 31 | 71.5 95) 93.3) 30 +o.4 | High diaphragm. 
052| M (16 24.1) 14 | 96.3. 144.4) 60 | 90.0 .130/153.3 55 +2.8 Adolescence. 
03| M 24.7 6 | 83.0:107.1 7 | 83.2 95\/106.7| 28 +0.2 
F © | 68.1 84.2) 24 | 60.9 90) 85.7, 23 +2.6 
057 F 33 9 | 89.3/131.6| 47 | 55 —1.5 
036 F 301000.56\11.1\22.0 I | 66.1 91.6) 39 60.9 110 96.5 39 8.9 
033| F 49. 147.0.2014.024.0 17 | 84.6113.2! 34 | 30 —1.5 | Old luetic and luetic aortitis. 
M 87 0 | 70.6 94.4 19 | 81.7) 99:105.2 I5 +2.6 | Senile heart. Underweight. 
014| F 23.6 | 70.1:107.0) 52 | 71.5 99 108.4 51 +2.0 | Marked scoliosis. 
Sor8' M 13 | 97.5.135.5| 38 92.7/124|137.8 48 —4.0 | Pulmonary tbc. Underweight. * 
Sors | M 24.5 12 100.9 141.0) 41 36 +1.9 | Pulmonary tbc. Outline doubtful. 
F 25.3 13 | 92.1132.5' 43 | 890.5 105\130.2 45 —3.0 | Luetic aortitis. 
So8 F 24.8 9 | 23 | 904.3 114/119.3, 26 —2.0 | Pulmonary tbe. Underweight. * 
So3| F 31\122\0.52| 9.922.0 0 | 72.9 98.8) 35 | 74.8 102\/101.6| 36 +2.6 | Chronic pulmonary tbc. Outline doubtful. 
F 24 © | 92.2) 23 | 74.6102! 96.5 29 —0.7 
Soro M 26.8 103.3.142.7|) 38 |102.1 122 145.2) 42 —1.2 | Pulmonary tbc. Markedly underweight. * 
So22. F 10 84.1/130.3) 53 | 56 —o.1 | Pulmonary tbc. Underweight. * 
S023 M 34/160\0.51\13.9 25.3, 10 | 85.5 122.1) 43 | 81.7)| 95.124.4) 52 —4.4 | Pulmonary tbc. Underweight. 
Sor F © | 90.8 104.3, 14 | O1.1'125,104.6 I5 +o.3 | Pulmonary tbc. Pleural effusion. 
So25  M 30 1 | 88.5 124.0 40 | 85.6109 128.6 50 —3.2 | Pulmonary tbc. 
So24. M 25.6) 3 85.8 120.1) 39 | 39 +o.7 | Pleural adhesion at apex. 
So7 F 23 82.4 121.6) 47 | 84.0 100/125.3 49 +1.9 
078 M 8 |106.8 155.4) 45 102.1 110 151.3 48 —4.4 
M 13 119.4 168.0 40 (113.1 50 —5.2 | Old adhesions. 
| 73.7) 93.9) 27 | 75.4 110) 98.2) 30 +2.3 
063 F 0 | 95.0| 23 | 77.0 1090) 97.0 26 +2.4 | Luetic. 
F 35 118\0.69\11.4 21.1 8 | 75.8) 97.5| 28 | 76.2:108 100.0 31 +0.5 
060 F 9.022.6, | 69.3) 98.7) 42 71.2103 96.8 36 +2.7 
059 F 12 94.7.134.3) 46 90.0 107, 137.4 53 —4.9 
Soro. M 45.175.0.65'13.5 26.1 3 103.1,120.9 17 101.3110 120.5 —1.7 
F 21.3) | 77.9) 87.7) 12 | 77.0103!) 80.7\ 17 | —1.2 | Luetic. 
067 F 421250.5011.621.9| 6 | 76.0 100.0) 31 7.0105 104.4 35 +1.3 
029 F 50 1140.75 11.5 23.6 60.3 91.0 31 71.5 102 97.5 36 
082| M 231500.7012.426.0| 0 | 93.6132.4! 41 | 97.0 111 136.1| 40 +3.6 | Mild nephritis. 
055 F 3412010.65 11.821.8| 8 71.2 103.6) 45 73.0103 104.5) 43 +2.5 
VISCEROPTOSIS 
| 
S$ o2| F o | 61.0) 62.5) 2 62.8) 90| 65.5) 4 +2.9 | Pulmonary tbe. Markedly underweight. 
So2t| M | 75.7\105.7| 39 | 80.9) 98/107.3) 32 +5.5 | Pulmonary tbc. 
S o5| M 0 | 74.0)109.6| 48 | 78.0) 89\110.3) 41 +5.4 | Pulmonary tbe. Markedly underweight 
ol F (24, 114/0.90 9.3:23.4 0 | 67.9 73.6 8 71.0104, 80.7 13 +4.5 
027 F | 62.1 74.2 45 | 76.3 16 +5.9 
028! F (20 © | 92.6, 19 | 65.2) 95) 97.8) 50 +2.3 
F 281190.80\11.2'21.9 2 70.2 96.1 8 | 42 


* Underweight. Percentages on present weight, not average weight. 


t Three members of one family, apparently normal, presented large hearts. Reason undetermined. Cases prefixed with the let 
S were patients at the Barlow Sanatorium for Tuberculosis. We wish to express our thanks to Dr. Munford Smith for the priv 
examining these patients. 
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CLINICAL CLASSIFICATION OF ONE HUNDRED TWO CASES WITH MEASUREMENTS AND 
COMPUTATIONS (continued) 


Area 
Planimeter ( 


>| 
3 = 28) 
Z = © 6 wA, 
ATHLETES 
075 M 36 198 0.49 14.6 26.9 9 |117.4 142.¢ 116 146.0 26 —1.7 | Stanford cre 
o80| M 31 1650.67 13.3.27.8 |102.7 117, 120.1 17 0.6 | Wis 
o10| M |23'143/0.73 13.5|24.3| I! 94.6122.3 2118 128.0 35 0.4 
09 | M 1380.67 12.325.0,| | 90.6/)115.0 3.5 120 120.2 28 +3.2 
o15| M 1500.85 12.3:25.6| 0 | 95.8)118.5 1.2/115 121.4) 20 1.6 
046| M 40175 0.45 14.8/26.5) 12 |115 144.3) 2 4120 145.6, 22 3.2 
M 261600.54 14.4 27.6 4 |124.8 161.0 2153 163.8 25 +5.1 B t 
Sor! M (30 182\0.39 13.625.4 7 |\110.1.139.0 35 —3.7 
068 M 37 148'0.60 12.7/25.9 O |103.4 109.2 4120 114.0 9 TO.9 
So26| M 32 158'0.58 11.8 25.8 99.8 110.2 3.112 113.6 16 —2.5 | Chr ry t 
EFFORT SYNDROME 
F (18 9.7\24.0| 0 | 63.4) 96.3 8| 87.6) 23 —0.9 Pulse 15% 
MirRAL STENOSIS, COMPENSATED 
022 F 290 1461.08 12.7 25.2 I |125.2\142.2 ».6 160 159.0) 22 +3.5 | Complicated with regurgitation. 
o18 F 32116'1.07 16.6.23.9| 39 |121.9|187.1 2.5'178,196.1| 61 +o.5 | Complicated with regurgitation. 
> 
MitrrRAL REGURGITATION, COMPENSATED 
055 F 42,1903 0.90 14.0 23.3) 20 |1090.5 135.9 4 ».0 127 139.0 26 TO.2 
M 54/245 0.51117.4 24.9) 40 |132.0 203.5 50 +0.5 
F 25 128 0.73|14.4 23.9] 20 |125.5\143.2 18 —1.9 
HYPERTENSION 
070| F 7 | 97.0:138.6) 4 95.0106 140.7) 48 —2.1 
135 F (35 115'0.45 11.2 23.2 86.8 96.7 2.3136 101.9) 14 +6.3 
O12 F 59 195 0.54 15.9 24.5 29 130.9 129.0 29.60,132 128.8 
030! M 25 |102.2/125.1| 2 22 +6.0 
038 F 22 |102.2!147.6| 44 43 
076, M |60 1500.46 13.8 27.1 2 110.2,130.0| 18 |106.8/129,130.2| 22 
Myocarpitis, WitHout DILATATION 
Senile, arteriosclerotic, angina, etc. 
0390! M 55 :1800.43/15.9 31.0 2 |105.5\132.¢ 26 | —0.3 | Heart block 
049 | M 63 1200.80 13.6 21.7 o |108.6 150.8 106.0 150 150.2 41 —2.4 | Arteriosclerosis. 
O4 F 60158 23.1 79.4) 93.7 8 79.3| 94 97.4) 23 —o.1 | Senile, underweight. 
M 15 |109.8/130.5 5|126 127.4) 14 T1.5 
o81| M 691500.48\)15.8 28.2) 12 |120.0)147.1 34 —2.5 | Senile, hypertension 
031 F 37 14 |104.3/116.5 115.5) 10 +1.5 | Nephritis, lues. 
083) M |104.9\/142.5 08 290 +3.3 | Angina, arteriosclerosis. 
M 3 98 .2/115.6| 28 4.0/125 118.7 14 +5.9 | Luetic arch 
019! M 42 10 | 90.7\145.7) ¢ )I.9|122 147.6) 49 +1.3 | Luetic aortitis, tabeti 
013) M 15010.5016.9 28.5) 19 |115.3/1605.4 14.7\|139 167.1| 45 —0O.5 
074 F '561250.8011.8 22.1 7 86 .O|1I1.9 87.2)120 114.6) 31 +1.4 


Myocarpitis, WitH DILATATION 
Advanced stages of valvular disease, results of nutritional and toxic causes, bigh blood pressure, nepbritis, etc. 


061 | M 26.2| 26 


2 2; 2 139.2\|189 I70/155.2| 34 Acute nephritis, hypert« nsion. 

06 | M 26.0) 28 |150.1\164.6 ».0 184/168.1| 12 —o.6 | Acute nephritis, hypertension. 

07 | M 10 |113.0\128.4 II +3.5 | Arteriosclerosis. 

072) M 24 |135.0/230.1 ».4,125/233.1| —3.4 | Nephritis. 

o8 | M |55/180'0.47\17.5'28.3) 2 137 177.8 29 39.8 150'164.9| 19 +1.5 | Heart block, luetic aortitis 

017| M 23.6) 30 |103.7|137.0 32 |100.5,124|136.4) 35 —3.1 | Nephritis 

050 M 13 |113.1\130 1 16 —o.0 | Old pulmonary tbc. with adhesions. 
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enlarged; and this is in fact a type of heart 
most frequently encountered in cases of 
toxic goitre. 


III. THE CARDIAC MOTION 


We are often told by the clinician that 
he cares little about the actual size or 
shape of the heart; that the presence or 
absence of a valvular lesion is of little 
significance so long as the heart is doing 
its work; that the prognosis and treatment 
depend entirely upon the condition of the 
heart muscle. 

From our experience in repeated roent- 
gen-ray observations of pathological hearts 
under treatment we are able to make fairly 
accurate estimates of how well the muscle 
is doing its work. We have seen dilated 
hearts come down from computed areas 
of 175 per cent to 130 or 120 per cent, and 
have noted corresponding improvement 
in the density of the lower lung fields, and 
in the shape, and particularly the motion, 
of the heart. Our roentgen-ray examina- 
tions are made independent of any knowl- 
edge of the clinical examination and have 
checked closely with the physical findings 
and the symptoms of the patient at the 
time. In fact, we have been able in certain 
instances to detect muscle failure twenty- 
four to forty-eight hours in advance of 
physical signs of dilatation. 

Eyster and Meek by instantaneous 
radiographs of the heart have shown that 
the movement of no single border is an 
accurate index of its contraction, and that 
the whole outline is necessary for such 
estimation. However, to the experienced 
observer much information is derived from 
the movement of the various sectors of the 
heart. These are easily recognized, but 
difficult to briefly describe. Ses is first 
struck with the slight excursion to be seen 
anywhere on the cardiac border, and it is 
the general impression that the base of the 
heart is fixed and that the ventricular 
systole produces a wide retraction of the 
apex. * aoa the base of the heart is 
generally the least fixed portion of the 
organ, approaching the apex in greater 
degree than the apex approaches the base. 
The simultaneous filling of the auricles 
tends to prevent a reduction of the long 
diameter during ventricular systole. The 
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lateral movement of the lower border being 
restricted by the diaphragm, the only 
margin of the heart that is free to move 
is the left upper border, its motion being a 
shortening of the transverse diameter. 
Another factor to be considered is the 
movement of the heart as a whole. Fre- 
quently the movement of a certain seg- 
ment of the silhouette, as, for example, that 
sometimes seen in the left auricle in cases 
of auricular fibrillation and that commonly 
seen on the right auricular border, repre- 
sents not the intrinsic movement of that 
segment but rather the transmitted motion 
of the organ as a whole. For this and other 
reasons, disturbances of rhythm are best 
analyzed by the electrocardiograph and 
proposed roentgen-ray methods, since such 
determinations, as suggested by Godht and 
Rosenthal in 1912 and elaborated by 
Crane in 1916, fail. 

Certain features of disturbed motion 
are, however, subject to fluoroscopic exam- 
ination. In visceroptotics where the heart 
lacks the support of the diaphragm and is 
freely peti He from its attachment in the 
mediastinum to the deep fascias of the neck, 
the base is relatively fixed and the heart 
as a whole moves as a result of the 
recoil from the expulsion of blood into the 
aorta. In the few acral heart one soon 
learns to recognize the disturbances of 
motion. The impulse may be excessive or 
insufficient; it may give one the impression 
of being disorganized or lacking in coor- 
dination or purposefulness. Thus the exper- 
ienced observer readily notes the heaving 
impulse of aortic regurgitation, the total 
lack of cardiac movement in pericarditis 
with effusion, the almost total lack of 
movement frequently seen in myocarditis, 
and the shapeless flaccid outline with 
rather wavy, futile, poorly sustained im- 
pulses of myocarditis, this type most often 
of thyroid origin. 


IV. THE AORTA 


Consideration of the heart is not com- 

lete without a discussion of the aorta. 
Newaaiey it is not a conspicuous shadow; 
its lower right border is usually fairly well 
seen but is soon lost in the shadow of the 
sternum. The transverse arch on the left 
is fairly prominent but is all but hidden 
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behind the sterno-clavicular articulation. 
On the screen the left lateral surface of the 
descending portion is usually obscured 
by the pulmonary and hilus shadows, but 
may be fairly well studied in the radiogram. 
Age uncomplicated by hypertension 
causes an increase in the prominence of the 
arch throughout. Its density is increased, 
and occasionally calcified plaques are 
noted in the portions of the wall which are 
viewed tangentially. The arch is not greatly 
widened but strikingly increased in length, 
resulting in a greater prominence of the 
transverse arch and in a downward 
displacement of the base of the heart. 
The heart resting on the diaphragm con- 
sequently assumes a horizontal position. 
In arterio-sclerosis the aorta approximates 
the senile type. In hypertension the arch 
may be slightly widened, the upper left 
segment prominent with perhaps a slight 
increase in density. Lues shows an early 
tendency toward increased width of the 
aortic shadow, a common picture being 
that of the undue prominence just above 
the auriculo caval junction. Frequently the 
dilatation extends the entire length of 
the visible aorta. In such types of aortic 
change the pulsation is not excessive. 
Especially in the case of [ues one notes a 
distinct reduction of the excursion. In 
rheumatic aortic insufficiency, on the other 
hand, the arch shows no appreciable dila- 
tation, but a wide expansile excursion. 


CONCLUSIONS 


One hundred two hearts were examined 
radiographically by all the accepted meth- 
ss with the following conclusions: 


. The roentgenoscopic examination of 


the heart is far superior to the use of the 7 
foot plate. 

A thorough roentgen-ray study of the 
heart embraces consideration of four 
elements; the shape of the cardiac shadow, 
its size, its motion, and the aorta. 

3. The heart form is best studied by 
the roentgenoscope, the patient being ex- 
amined in the direct and oblique positions. 
Changes in shape in pathological hearts 
are due to relative enlargement of certain 
chambers of the heart as compared with 
other chambers, and such localized enlarge- 
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ment is best estimated by the A-V ratio 
of Van Zwaluwenburg and the use of the 
oblique positions of Vaquez and Bordet. 
The roentgenoscopic examination of valvu- 
lar disease adds a quantitative estima- 
tion to the qualitative findings of the 
stethoscope. 

4. The so-called cardio-thoracic ratio 
is a grossly inaccurate index to the actual 
size of the heart. 

5. There are two practicable methods of 
accurately estimating the cardiac size from 
the orthodiagram: First, the use of the 
planimeter; second, the simpler method of 
Van Zwaluwenburg, which consists of the 
product of the long and short diameters of 
the silhouette compared with the normal, 
based upon body weight. 

Expression of the cardiac area as a 
percentage of the normal is more satis- 
factory to the clinician than the statement 
of the actual area. 

Much information may be gained 
from the study of the cardiac motion by 
the experienced observer. One notes the 
force, the tone, the organization, the co- 
ordination, the presence of excessive or 
insufficient motion, the intrinsic motion of 

various chambers. and the transmitted 
motion of the heart ‘as a whole, together 
with its relationship to other structures in 
the chest. 

8. The aorta, which is normally an 
inconspicuous portion of the cardiac 
shadow, takes on definite characteristics 
in certain cardiac pathology. Chiefly 
among these are the changes due to age, 
hypertension, arteriosclerosis, lues,* and 
pathology in the aortic valve. 
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A PROTECTIVE GLOVE RACK | 


BY ROSCOE G. VAN NUYS, M.D. 


OAKLAND, CALIFORNIA 


\ ANY  Roentgenologists find it 

difficult to keep their protective 
gloves dry inside and free from offensive 
odor. After trying several schemes, I 
hit upon a very simple one which can 
easily be made in any laboratory, and may 
solve the vexing problem for some one 
else as it has done bor us. 

It consists of two 16 ounce mailing 
cases (without bottles). The lids are 
unscrewed and tacked tightly to a shelf 
located over a radiator or wherever there 
is circulating air. Holes are made through 
this tin lid and through the shelf. The base 
of the carton is also perforated. One of 
these perforations should be in the center 
of the lid and base and should be about 
1 cm. in diameter. A wooden rod 16 inches 
long can be tightly fitted through the 
inverted lid into the wooden shelf. The 
inverted body of the mailing case may 
then be slipped over the rod and screwed 
into the lid. The glove fits over this cylinder 


with the rod projecting into one of the 
fingers. After the gloves are dry, a little 
powder may be used in the glove, or a 


deodorant antiseptic powder may be 
sprinkled into loose cotton and_ placed 
inside the cylinder. A little stain adds 
to its appearance. 
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THE PRESENT STATUS OF 


DEEP ROENTGEN THERAPY 


IN EUROPE* 


BY W. H. 


STEWART, M.D. 


NEW YORK, CITY 


> by a desire to improve 

our roentgen-ray therapy methods, 
as well as by the fact that within the past 
two years we have continually been hear- 
ing, from reliable sources, of great improve- 
ments in the technique and results in 
Germany, I recently visited the most im- 
portant German Clinics. My visits seemed, 
in a great measure, to verify these reports. 

What particularly impressed me was the 
excellent “team-work.” It was a common 
observance, in most of the large Clinics, 
to find a physicist of no small reputation 
working over some problem hand-in-hand 
with the clinician. Such united interest is, 
I believe, largely accountable for the 
recent great advancement in roentgen-ray 
therapy in Germany. The general interest 
of the roentgenologist in the subject of 
physics was also very noticeable. The 
author attended two very interesting 
meetings, one held in Frankfort-on-the- 
Main, the other in Erlangen, at which 
most of the presentations dealt with 
physical problems. Both meetings were 
well attended, mostly by medical men who 
were especially interested in deep roentgen- 
ray therapy and who, despite the ex- 
tremely hot weather, displayed the keenest 
interest in all the subjects under discussion. 

Although throughout Germany a great 
difference in roentgen-ray technique was 
evident, the cardinal point, namely the 
administration of a “death-dealing”’ cancer 
dose, was the same in practically all of the 
large hospitals. 

The problems on which all were working 
can be summed up, as Friedrich of Frei- 
burg states, under the following headings: 
1. The exact measurement of the x-ray 
dose. 

2. The deep introduction into the tissues 
of hard, filtered x-rays. 

3- The determination of the correct x- 
ray dose. 

It is generally conceded by the Germans 
that the problem of the exact measure- 
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ment of the depth dose has been solved by 
using the iontoquantimeter. This instru- 
ment has been in use for at least two years 
and all agree that, with the proper care, 
it can be absolutely relied upon. A number 
of different forms of the apparatus are in 
use, but the one which appeals to me most 
is that form, modified by Friedrich of 
Freiburg, consisting of a small ionization 
chamber of graphited horn which can be 
placed on the skin or introduced into the 
vagina or rectum. This ionization chamber 
is connected with the charged filar system 
of the Wulf electrometer by a flexi ble cable 
containing an insulated copper wire, which 
is attached to an insulated rod of graphite 
in the ionization chamber. The electrometer 
is placed behind a lead-protective screen, 
where it can be seen by the operator w hile 
the treatments are being given. 

Friedrich has established an electrical 
unit applicable to the iontoquantimeter, 
the full excursion of the indicator in the 
electrometer representing 5 such units. 
Experiments have demonstrated that 
units produce death to the skin, or what 
is called a “necrotic dose,” and about 150 
units, or 50 per cent of a necrotic dose, 
result in a reddening of the skin, known as 
an “erythema dose.” 

Knowing that the time required for one 
full excursion of the indicator in the elec- 
trometer is equivalent to 5 units, it is an 
easy matter to determine the exposure 
necessary to produce an erythema dose 
or fraction thereof. For example, if one 
desiring to treat a small myoma decides 
that permanent castration can be accom- 
plished with about 14 of an erythema dose, 
the technician is directed to give the 
patient 60 units. The time required for the 
administration of 60 units is determined 
as follows: 

Sixty, the number of units to be given 
is divided by 5, the number of units in one 
full excursion of the indicator in the elec- 
trometer; this equals 12, or the total full 
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excursions of the indicator in the electro- 
meter necessary to produce 60 units of 
x-ray. It has been ascertained that one 
full excursion requires eight minutes, 
therefore, 12 excursions would require 
8 X 12, or ninety-six minutes. In other 
words, it would be necessary to give ninety- 
six minutes’ exposure in order to administer 
60 units of x-ray. 

This method of measurement seems 
especially valuable as the amount of x-ray 
administered can be observed while the 
patient is being treated. 

Another popular iontoquantimeter is 
that model which calls for a reproduction 
of the electrical conditions as though a 
patient were being treated; the anode of 
the tube being set the desired distance, 
for example, 50 cm., from the front surface 
of a water-tight box, the latter representing 
the patient’s skin. In front of this surface 
is placed a lead diaphragm with an opening 
of the size selected for the treatment field, 
say about 20 by 20 cm.; over the opening 
in this diaphragm is placed the filter; for 
instance, one mm. thickness of copper. 
Water, representing the human tissues, 
is placed in the box referred to above 
until the desired depth is obtained, say 
10 cm., and back of this is the ionizing 
chamber connected with the electrometer. 
With the apparatus set in this way, one 
can ascertain, with the conditions as 
mentioned above, how much time is 
required, with this particular current 1, to 
obtain a depth dose 10 cm. beneath the 
skin. Tubes vary considerably, but it has 
been found that under the above condi- 
tions, with 180,000 volts, an exposure of 
about thirty-five minutes is necessary to 
produce an erythema. Reliance can be 
placed on the dose administered by this 
tube for some time, but it is advisable, 
after the tube has been in use about fifty 
hours, to retest it. 

Still another ingenious method said to 
determine the depth dose is by the use of 
Dessauer’s curves. Dessauer has devised 
a series of charts covering various electrical 
conditions, and these curves are claimed to 
give the operator accurate information 
regarding the actual percentage of the 
skin dose which reaches certain depths. 
Thus one can estimate how many fields 
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are required, with a certain current, volt- 
age, distance, diaphragm and filter, to 
administer a dose of x-ray sufficient to 
retard the growth of the cancer without 
destroying the normal surrounding tissues. 

All must agree, whether or not “the new 
technique explained above is accepted, 
that a reliable method for the accurate 
measurement of the depth dose is abso- 
lutely essential. 

Many roentgenologists in Germany 
maintain that the problem of x-ray dosage 
can be considered solved, absolute reliance 
being placed upon the iontoquantimeter. 

Regarding the introduction of measured, 
hard, filtered homogenous x-rays—this prob- 
lem calls for much discussion. 

Dessauer, in 1904, published his “Law 
of Homogeneous Radiation for Treatment.’ 
His object was evidently to control the ray 
to such an extent that the intensity of the 
dose applied to the skin surface would be 
about the same as that which penetrated 
the tissues below the surface. 

Investigations along these lines were 
responsible for the development of a 
200,000 volt x-ray machine, the use of 
which, combined with an increase in the 
distance between the anode of the x-ray 
tube and the skin, the enlargement of the 
size of the field for radiation, and the use 
of heavier filters (about 14 to one mm. 
thickness of copper or zinc) made it 

ossible to deliver a measured dose, which 
- to 40 per cent of the intensity of 
the ot oh dose, to tissues 10 cm. below the 
surface. 

Increasing the distance naturally—fol- 
lowing the i of quadratics—assisted- in 
achieving the above-mentioned result. In 
some Clinics where the so-called “distance 
treatment”’ is the use, the distance from 
the anode to the skin is increased to 50, 60, 
or even go cm. The size of the fields have 
also been increased, the larger fields allow- 
ing more scattered rays to reach the central 
portion treated. This rule, however, does 
not apply to areas larger than 20 X 20 cm. 

There is a tendency in distance treat- 
ment to ray larger and fewer areas. When 
only one field in front and one behind is 
treated, it is impossible to give the neces- 
sary lethal dose; consequently, radium is 
applied to make up the required amount. 
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When radium is not used more fields must 
be treated with the x-ray in order to deliver 
the 110 to 120 per cent of the skin dose 
which is necessary to destroy the car- 


cinoma; this often calls for the treatment of 


SIX Or seven areas. 

Wintz of Erlangen states that in a field 
9 X 8 cm. 18 per cent of the skin dose ‘is 
delivered 10 cm. below the surface. There- 
fore, seven fields being rayed in the treat- 
ment of carcinoma of the uterus, he 
estimates that 7 X 18 per cent of the 
skin dose, or 126 per cent is delivered into 
the growth, this being considered sufficient 
to destroy the cancer 

There is considerable difference of opin- 
ion on the subject of filtration. Some 
Germans are using copper and others zinc, 
while in a number of Clinics, a combina- 
tion of zinc and aluminum is being used; 
all agree, however, that their object is to 
obtain a homogeneity of the rays which 
penetrate the growth. Friedrich states that 
the quality of the ray is not essentially 
changed by increasing the copper or zinc 
filters to more than one mm. in thickness. 

The determination of the correct depth dose 
of x-ray for various lesions, both benign and 
malignant, is one of our most difficult 
problems. It is generally conceded that it 
Is necessary to introduce into a carcinoma 
at any given depth 110 to 120 per cent 
of the skin or erythema dose in order 
to destroy the growth. This is estimated by 
multiplying the number of fields by the 
percentage of the skin dose, as shown by 
the iontoquantimeter, which reaches the 
required depth below each field. The 
establishment of a definite carcinoma dose 
is almost impossible because of the great 

variance in cancerous structures and their 
radio-sensibility. 

This radio-sensibility is not altogether 
histological, the general condition of the 
patient being an important factor. The 
skin of a patient does not always 
show erythema wken a full erythema dose 
is given; in fact, subjects showing a dis- 
tinct cachexia are very unfavorable for 
roentgen-ray treatment. We must also 
bear in mind that all tissues are not equally 
sensitive to the rays, different tissues 
reacting differently; for instance, youthful 


subjects are more sensitive than those of 
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more mature age. Malignant growths in 
which connective tissues predominate re- 
quire a great deal more x-ray than those in 
which the cellular structures predominate. 

Carcinoma of the breast and uterus 
responds more favorably to deep roentgen- 
ray therapy than carcinoma of other 
organs, although some favorable results 
have been reported in cases of cancer of 
the rectum. It was found that the destruc- 
tive roentgen-ray dose for the ovarian 
follicle is about 30 to 40 per cent of the 


skin dose. Permanent and temporary 
amenorrhea is easily established, small 
myomas disappearing with this same 


treatment. Large myomas require 50 to 60 
per cent of the skin dose. In Germany the 
treatment of these benign conditions is 
considered a “closed book,” so rarely do 
they fail to accomplish what is desired. 

Sarcoma, as a rule, does not require as 
large a dose of x-ray as carcinoma, although 
here again the location and the histological 
elements, as well as the condition of the 
patient, must be taken into consideration; 
as a rule, 50 to 60 per cent of the skin dose 
is all that is required. Some Clinics prefer 
deep roentgen-ray treatment rather than 
operation for cases of sarcoma on account 
of the occurrence of -metastases, it having 
been demonstrated that primary sarcomas, 
as well as metastases from same, respond 
very favorably to the roentgen ray. 

In the Freiburg Clinic carcinoma of the 
breast is not operated on unless it is freely 
movable with no glandular involvement; 
all other cases being submitted for roent- 
gen-ray treatment. 

Opitz states that experimental investiga- 
tions prove that a given amount of roent- 
gen ray, if applied at one treatment, acts 
more fav kal « than if the same dose is 
divided over a period of time. He also 
states that it would be necessary to give 
at least 25 per cent more when divided 
doses are given than when one full dose is 
administered at one sitting; therefore, the 
general condition of the patient permit- 
ting, the entire treatment should be given 
in one day; or at least every effort should 
be made to administer the full dose within 
one week. In the Freiburg Clinic it is not 
considered safe to repeat an x-ray treat- 
ment for carcinoma within a period of eight 
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months. At Erlangen the treatment 
for carcinoma Is repeated over the involved 
area in six weeks, providing the blood 
picture has returned to normal; and 
again in eight weeks, if the blood has 
regained itself. 

It is difficult to ascertain during a short 
visit the exact clinical results of deep 
roentgen-ray therapy. I have found that 
the men, as a rule, are exceedingly conserva- 
tive as to ultimate results, sad experience 
having taught that an apparent primary 
cure is often followed by an unexpected 
relapse; the seeming complete health of 
the patient not always indicating a cure. 

Opitz states that he has not operated on 
a case of carcinoma of the uterus since 
1919. His records, from January 1, 1919, 
to January 1, 1921, show that, in all, 60 
cases of carcinoma of the cervix have been 
treated with deep roentgen therapy, of 
which 30 receded, 13 showed no improve- 
ment, 17 died, the favorable results aver- 
aging about 47 per cent. Of 30 cases of 
carcinoma of the fundus, 23 receded, 3 
showed no improvement, 4 died, and about 
80 per cent responded favorably to x-ray 
treatment. 

Through the courtesy of Blumm and 
Warnekros of Berlin, I was able to person- 
ally examine at the University Hospital, 
10 cases of receded carcinoma, 9g of the 
uterus and one of the vulva, all having 
been treated in 1913 and 1914 by the 
cross-fire method of x-ray treatment, with 
the old-type machine. All showed perma- 
nent skin changes at the site of the areas 
which had been rayed, and scarring and 
contraction at the location of the original 
lesion; none had had a recurrence. 

One of the busiest clinics visited was 
that of Wintz of Erlangen. No statistics 
were at hand, that it was too early to 
make decisive statements about results, 
only two years having elapsed since the 
modified deep roentgen-ray treatment had 
been instituted. I had the privilege of 
examining at this Clinic one case of car- 
cinoma of the cervix, which had received 
x-ray treatment four months previously. 
There was no visible evidence of the 
disease, the ulcerated cervix having en- 
tirely healed; considerable contraction in 
the left parametrium had occurred; the 
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patient had gained weight, looked and felt 
well, and was free of symptoms. 

Halberstadler of the Charité Hospital 
in Berlin gave me an opportunity to 
examine a number of receded cases of non- 
operated primary carcinomas of the breast, 
some of which were two or three years 
after roentgen-ray treatment. 

Much more consideration is given to the 
patient than is generally supposed. It is 
conceded, however, that in cases of car- 
cinoma in which the lesion calls for length 
treatment, if successful, “the results justify 
the means.” 

In Freiburg the treatment of carcinoma 
of the breast requires as a rule twelve 
hours’ exposure. The dose is divided into 
two day sessions; three hours in the morn- 
ing, a rest of three hours and a light lunch, 
and three hours in the afternoon; this is 
repeated the next day. In some institutions, 
such as the Seitz Clinic in Frankfort, the 
patients are placed on the table in such a 
position that their arms are free—behind 
protective rubber sheeting—while the ab- 
domen is being treated; in one instance, a 
patient was seen reading during the treat- 
ment. In other Clinics, particularly Erlan- 
gen, where the full dose of x-ray is given 
in one day, Pantopan- scopolamin is ad- 
ministered and the patient sleeps during 
most of the treatment. In no instance did 
I observe transfusion resorted to as a 
routine procedure. 

Considerable attention is paid to the 
after-treatment. As Opitz states, “they 
are not treating carcinoma, but carcinoma- 
sick human beings.” This after-treatment 
includes proper nourishment, the adminis- 
tration of remedies stimulating the pro- 
ductive energies of the body and a local 
hyperemic treatment of the diseased area. 

In conclusion I can only state that the 
method of procedure, namely, the exact 
measurement of the depth dose, is most 
appealing. It is not yet safe to state that one 
can rely upon the iontoquantimeter entirel) 
for estimating the correct dosage. In the 
hands of a responsible physicist the in- 
strument may a” reliable. It is evident, 


however, that future personal investiga- 
tion is required before one can refuse to 
accept this apparently valuable method of 
measurement of x-ray dosage. 
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TREATMENT OF DIPHTHERIA CARRIERS BY MEANS OF 
THE ROENTGEN RAY* 


BY PRESTON M. 


DETROIT, 


= presenting this preliminary report on 

the roentgen-ray treatment of diphtheria 
carriers, I wish, first of all, to acknowledge 
the active cooperation of Dr. F. N. Meader, 


Director of the Medical Department of 


the Board of Health of the City of Detroit, 
and also the assistance of Dr. J. Everett 
King, my associate, who gave personally 
the treatments here reported. 

In the city of Detroit, during the year 
1920, there were reported to the City 
Board of Health 4,728 cases of diphtheria. 
The deaths due directly to the disease and 
due indirectly to complications were 371. 
These cases were all infected by contact 
with those ill with diphtheria, or by contact 
with those who were carrying Klebs- 
Loeffler bacilli in their secretions but who 
did not present active symptoms of the 
disease. It is fair to assume that such 
statistics In varying percentages occur in 
many of our larger communities. Naturally 
these percentages vary from year to year 
and from season to season according to 
the type and virulence of the epidemic. 

The efforts of the Boards of Health to 


reduce the number of cases and the conse- 


quent mortality consist of the treatment of 


those actively affected by the disease, their 
isolation, and measures to prevent infec- 
tion from those who are diphtheria carriers 
by rendering their secretions free of the 
Klebs-Loeffler bacilli. It is found that 4 


per cent of all persons in ordinary health 


show these organisms in the secretions of 


their air passages. The bacteriologic exami- 
nations of those who are associated with 
diphtheria cases show that 60 or 70 per 
cent may have Klebs-Loeffler bacilli in 
their nasal or pharyngeal secretions, and 
still present none of the clinical symptoms 
of diphtheria. 

One of the important functions of 
Board of Health, therefore, is to reduce 
the number of diphtheria carriers. In 
some communities these diphtheria carriers 
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are quarantined as rigidly as are those who 
have clinical manifestations of the disease. 
In other communities, those of school age 
are excluded from attendance at school, 
and those whose occupation brings them 
in contact with food, either in its prepara- 
tion or distribution, are detained from 
their duties. If a diphtheria case recovers 
and the diphtheria bacilli are found to be 
still present in the pharnyx of other mem- 
bers of the family, the quarantine on the 
house is raised and a warning sign replaces 
the quarantine card. 

It requires no reflection to perceive that 
the treatment of diphtheria carriers and 
the protection of the public against these 
carriers constitute a difficult task for the 
public health officials. The administration 
of antitoxin does not affect the carriers, 
as they manifest no toxic svmptoms..A 
great variety of local antiseptics have been 
experimented with, and have been em- 
ployed with greatly varying successes. 
Of the more recent remedies, solutions of 
mercurochrome have proved efficacious 
as local applications in 60 per cent of 

cases. Tonsillectomy has been resorted to, 
but this operation cures only about 80 
per cent of cases, leaving 20 per cent of a 
given group still a menace to the public 
health. There are three general types of 
diphtheria carriers: first, and most com- 
mon, is a class in which diphtheria bacilli 
are found in the pharyngeal secretions; 
second, those in which the diphtheria 
bacilli are found in nasal secretions; third, 
those in which the diphtheria bacilli are 
found in the aural discharge of a chronic 
otitis media. Tonsillectomy has been the 
most efficacious of any of the lines of 
treatment so far employed. Still the diffi- 
culties of enforcing such a drastic line of 
treatment limit its use to selected cases 
where the consent of the patient or parent 

can be obtained. Naturally, among the 
ignorant classes, it is difficult to obtain 
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the consent for an operation where the 
parent does not realize the menace to the 
public health constituted by a child who is 
well. 
he essential points of the foregoing 
roblems were presented to me by Dr. 
Leader of the Detroit Board of Health. 
I advised the use of roentgen therapy in 
the treatment of these cases of diphtheria 
carriers. Accordingly, a number of cases 
were selected by Dr. Meader and roentgen- 
ray treatments were given over the region 
of the tonsils, nose and mastoid areas, 
according to the type of the case. The cases 
selected for treatment had all been studied 
by the bacteriologic department of the 
Detroit Board of Health, which depart- 
ment had conducted all the bacteriologic 
examinations preceding the roentgen-ray 
treatment. 

In the throat cases, that is, those where 
Klebs-Loeffler bacilli were found in the 
pharyngeal secretions, the line of roentgen- 
ray treatment was similar to that recom- 
mended by Dr. Witherbee in cases of ton- 
sillar hypertrophy, the treatment being 
given on each side of the neck, the central 
rays being directed toward the tonsils. The 
dosage employed was similar to what 
we had been accustomed to use for the 
treatment of tonsillar hypertrophy. In 
the nasal cases, the roentgen-ray treat- 
ment was given directly over the nose, and 
in the ear cases, over the mastoid area of 
the ear which showed Klebs-Loeffler ba- 
cilli in the discharge. Quite a few cases 
were treated which are not included in 
this report, as all which were found to 
give negative cultures within a few days 
after treatment were excluded, the belief 
being that they might possibly be classed 
under those of spontaneous recovery. 
Excluding those, therefore, which we did 
not really think should be classed as 
affected by the treatment, we found that 
there were 19 throat cases treated, with 
a definite cure in 15. This gives a per- 
centage of 79; in the 6 nasal cases which 
are reported, 4 were cured, a percentage of 
66. Nine cases of otitis media presentin 
Klebs-Loeffler bacilli were treated, wit 
4 cures, a percentage of 44. Of the throat 
cases which responded to the treatment, 
some received only one treatment, and 
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others, two. Of the nasal cases which were 
cured, 3 showed absence of the bacilli after 
one treatment, and one case after two 
treatments. Of the ear cases, 2 responded 
to one roentgen-ray treatment while 2 
others required two treatments each. The 
number of days required for the Klebs- 
Loeffler bacilli to disappear varied from 
three to seventeen. 

The question then arises as to how many 
of these cases would have been cured 
spontaneously without the roentgen-ray 
treatment. This is a difficult question to 
answer, and one which can only be ap- 

roached from the statistical standpoint. 
Fesenaatily for an intelligent comparison, 
we have some seatieniral reports of the 
Detroit Board of Health which were made 
in the treatment of diphtheria carriers by 
mercurochrome and gentian violet. In 
carrying out these studies of the treatment 
by mercurochrome and gentian violet, 
a number of throat cases were kept un- 
treated. In all, 70 controls were observed, 
34 per cent of which showed disappear- 
ance of the bacilli. 

We can, therefore, summarize as follows: 
In untreated cases of diphtheria carriers, 
34 per cent of spontaneous cures; cases 
treated with mercurochrome, 68 per cent 
of cures; pharyngeal cases treated by the 
roentgen ray, 80 per cent of cures. 


CONCLUSIONS 


1. From the Board of Health standpoint 
the efficient destruction of the diphtheria 
bacilli of the so-called diphtheria carriers is 
eminently desirable. It is desirable also 
that a treatment should be selected which 
can be easily applied and one which can 
be carried out with a minimum of distress 
to the patient. 

2. Bacteriologic examinations show that 
the percentage of cures in a selected number 
of throat cases is greater by the roentgen- 
ray treatment than by the local antiseptic 
treatment. 

3. The roentgen-ray treatment of diph- 
theria carriers is more easily carried out 
than a local treatment of the throat 
requiring swabbing of the pharynx, and 
is very much less » Mad than the opera- 


tive procedure of tonsillectomy. 
in this pre- 


4. The results obtained 
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liminary report justify the continuance of 


observations. These cases are reported in 
the hope that the results, added to those 
obtained by other investigators, will form 
a sufficiently large group for subsequent 
accurate conclusions to be made. 

Note. Since the foregoing article was 


written, the author has received a number of 


unofficial reports from different parts of the 
country, stating that the results obtained by 
the use of the roentgen ray in the treatment of 
diphtheria carriers have been very gratifying. 
In one large city in the Middle West where 
200 cases of diphtheria had been kept in 
quarantine for a considerable period of time 
and where various local methods of treatment 
of the pharynx had been resorted to without 
avail, it was found that the use of the roentgen 
ray was followed by a very large percentage 
of cases where the diphtheria bacilli disap- 
peared from the pharynx in a very few days. 
These cases are being accurately studied to 
determine whether any considerable percen- 
tage shows recurrence of the Klebs-Loeffler 
bacillt. 

It is the intention of the writer to collect 
as completely as possible the statistics from 
these cases and to report them in a subsequent 
article. 

DISCUSSION 

Dr. WiTHERBEE. The point I would like 
to make is that in the first 60 cases of tonsil 
hypertrophy I treated at the Rockefeller 
Institute, 36 were so infected. Thirty-two out 
of the 36 cases showed no streptococci or 
staphylococci» four weeks after one dose. 
The roentgen ray has no electrostatic effect 
directly. This effect may be due to local 
pharyngitis or to some extent, improvement in 
drainage. 

Dr. Lepoux-LeBarp. I have listened with 
the greatest interest because I had, during 
the war, some experience with the same 
treatment of diphtheria carriers. This was 
very near the end of the war, so that I did not 
feel that the number of cases I had treated, 
amounting to 9 or 10, if my memory is cor- 
rect, was sufficient to warrant any publica- 
tion on the subject. Still I think my results 
were in fair agreement with the results of 
Dr. Hickey. If I remember correctly, 7 of 
the 9 patients that were treated showed no 
diphtheria bacilli from a week to two weeks 
after treatment had been applied. These 
cases relate only to the treatment of the ton- 
sils and throat. I have not tried treatment of 
the nose and ear, but I think this field seems 
very promising; and as Dr. Hickey has pointed 


out, we should go along in further experimenta- 
tion, as certainly this technique will afford 
the best results with the least inconvenience 
to the patient. Of course the mechanism of the 
action can be discussed. There is not the slight- 
est doubt that it is not direct action on the 
bacilli themselves, but is secondary action 
whatever the nature may be. Still I think the 
paper which Dr. Hickey has given us indicates 
great progress and would be helpful in every 
community interested in the treatment of 
diphtheria carriers. 

Dr. Pancoast. There is another carrier 
almost equally as dangerous—the typhoid 
carrier. I would like to ask if Dr. Hickey has 
treated any cases of this kind. 

Dr. Curr. We have had no direct 
experience so far as diphtheria carriers are con- 
cerned, but have had rather extensive experi- 
ence as regards the general subject of throat 
infections. Up to date we have had 69 cases of 
tonsil infection, either under treatment or 
finished. Of that number 40 have been dis- 
charged; 31 of those cases showed positive 
results and were clinically cured. The tonsils 
were smaller and examination of the cultures 
showed them to be sterile so far as pathological 
organisms are concerned—or they were very 
nearly so. The patients were all benefited as 
regards their clinical symptoms. As far as the 
question of otitis media is concerned, we have 
had rather limited experience with that. The 
few cases we have treated improved. In the 
remainder of the tonsil cases 63 were un- 
improved; 6 of them we have not been able 
to check up. Dr. Hickey’s paper opens a very 
wide field; and from my experience, at least, 
I believe there is a great future for the treat- 
ment of infections of the throat. The cases in 
which we have not had good results are those 
which have had previous operation and 
those which have had a great deal of scar tissue 
in the tonsil. 

Masor Nicuots. This subject is one of 
considerable importance to the Service. Nat- 
urally we are on the lookout for anything which 
we can use in order to reduce the number of 
carriers in the Service—especially among re- 
cruits. I have been very much interested in this 
paper; it seems to open up possibly a new line 
of work. The only thing I would like to say is 
that it seems to me that Dr. Hickey possibly 
has underestimated the value of tonsillectomy. 
He said only 80 per cent of carriers were cured 
by tonsillectomy. I do not know what per- 
centage surgeons and roentgenologists expect 
to get, but we think 80 per cent is pretty good. 
There is no doubt that the tonsil is the site 
where diphtheria bacilli usually remain after 
infection. I have examined several tonsils of 
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carriers and have always been able to demon- 
strate diphtheria bacilli in the crypt walls, as 
was shown on the slide. They are distinctly in 
the tissue and below the surface. Surface dis- 
infection does not reach these organisms and 
unless we have some method of removing the 
crypts entirely or improving their nutrition so 
that they become normal, we still have car- 
riers. We laboratory workers think if 80 per 
cent can be cured by tonsillectomy, it is doing 
well. 

There are some objections to tonsillectomy, 
such as the dangers of anesthesia, hemor- 
rhage, blood infection and pneumonia. The 
roentgen-ray treatment is a simpler procedure, 
but occasionally there is swelling of the parotid 
gland after this treatment. It seems to me that 
if the roentgen ray will really do this work, it 
will be a better method in some cases. For the 
Service, generally speaking, tonsillectomy offers 
more promise at present. Its value is proved; 
there 1s no chance of re-infection; and speed is 
an object. The roentgen-ray treatments cover 
some time. The question is, will the roentgen 
ray cure carriers? In reference to the series 
presented, one wonders what a controlled series 


of cases would show—that is, a control of 


untreated cases. If you have a carrier and do 
something to him one day and he is cured the 
next day, it is fair to believe that he would 
have cleared up by himself. We occasionally 
pick up a man who gives positive cultures of 
virulent bacilli for months, in spite of any 
local treatment except tonsillectomy. These 
are the cases we are after—not the early con- 
valescent case that may clear up of its own 
accord. 

In the middle-ear carriers, so-called, we find 
organisms which seem, morphologically, to be 
diphtheria _ bacilli. In my opinion, these 
organisms are not virulent. They are diph- 
theroids, and the case is not a diphtheria 
carrier but a case of primary or secondary 
diphtheroid infection. 

Detroit and its representatives are to be 
congratulated on starting this work. 

Dr. PFAHLER. Major Nichols has just 
brought up again this subject of the swelling 
of the parotid gland. I have noticed this in a 
number of patients treated for acne and large 


by Means of the Roentgen Ray 


cervical glands and I have noticed it even when 
the parotid: gland was covered up. Therefore, 
I assumed it was due to some electrostatic 
discharge, and for this condition I grounded the 
lead covering the patient. 

One cannot draw conclusions very easily 
on this subject because only a very small 
percentage of patients develop this condition; 
probably not one in 200—certainly not over 
1 per cent. Therefore the absence of swelling 
after grounding the lead does not necessarily 
prove my theory. 

I would like to ask Dr. Hickey how long he 
followed these diphtheria carriers? How long 
he continued cultures after the treatment was 
given? 

Dr. ULLMAN. In regard to parotid swelling 
due to electrostatic discharge, I found it 
following one application of radium, as well as 
by roentgenotherapy. With the radium | 
have marked swelling lasting ten or twelve 
hours. 

Dr. Hickey (closing discussion). In regard 
to Dr. Pfahler’s question, these cultures 
were all carried out by the Board of Health 
nurse. We did not have a chance to follow 
them up. This is a very good suggestion; and in 
the second series of cases we will try to have 
them checked up. 

In regard to Major Nichols’ statements 
about tonsillectomy. I would like to state that 
tonsillectomy in the Army is very much more 
easily carried out than in Board of Health 
work. Take, for instance, a Polish family of 
children who have bad tonsils; a child is 
apparently well, and if you suggest that it be 
taken to the hospital to have its tonsils removed 
you have a hard time convincing the mother 
that it should be done. It is a pretty difficult 
thing to have carried out. 

In regard to Dr. Pancoast’s question: We 
have had no experience with the treatment 
of typhoid carriers. That is a very different 
program and would require more complicated 
technique. 

Evidently there is nothing new under the 
sun. When one presents something which is 
fairly new there is always some person who has 
done it before. I hear, with pleasure, that Dr. 
Ledoux-Lebard has done this work before me. 
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THE HEART, THE 
be able and comprehensive paper by 
Karshner and Kennicott in this issue 
brings up the subject of the x-ray examina- 
tion of the heart for thoughtful considera- 
tion. It is now more than a quarter of a 
century since the pulsating outlines of the 
heart upon the fluorescent screen first 
aroused the startled expectations of medi- 
cal men. During this period roentgenolo- 
gists have spent much time and ingenuity 
in developing and systematizing methods 
of cardiac study until today it is fortified 
by an extensive literature which has made 
available a large collective experience and 
a large body of accurate data. 

Yet it is not a generally accepted nor 
much used method. Internists are perhaps 
superabundantly supplied with instrumen- 
tal means of examining the heart. The 
stethoscope, the percussion hammer, the 
sphygmograph or polygraph, the blood- 
pressure manometers and the electrocar- 
diograph somewhat deter the internist from 
feeling the need of another and more elabo- 
rate instrument. Many able and successful 
men admit the importance of these instru- 
ments for purposes of research but use the 
stethoscope merely as a sanitary conven- 
ience, holding that the palpating finger and 
the ear are the only necessary instruments 
for the examination of the heart. The x-ray 


to be sure, is accepted for the detection of 


aneurysm and to a less extent for 


the 
estimation of the size of the heart 


, but the 


X-RAY AND THE 


to 


INTERNIST 


same hard-headed conservatism which 
impeded the use of the thermometer, the 
stethoscope and other instrumental meth- 
ods is still as active in some quarters as 
it was in the days of Wunderlich and 
Laénnec. 

In no department is the x-ray revision 
of internal medicine more inevitable and 
less acceptable to internists than in the 
examination of the chest. Barium or bis- 
muth for the alimentary tube, oxygen or 
carbondioxide for pneumoperitoneum, so- 
dium iodide or thorium for the urinary 
tract, suggest the technical requirements 
of later x-ray work, but the chest without 
any preparation excepting a full breath 
provided perfect conditions for x-ray study 
from the beginnings of clinical roent- 
genology. The work below the diaphragm 
has met with enthusiastic reception; the 
x-ray examination of the lungs has won a 
tardy recognition; but the examination of 
the heart by screen or plate is apparently 
still on trial. 

Sir James Mackenzie has thrown the 
weight of a mighty reputation into the 
following statement in ‘‘Oxford Medicine,” 
of which he is senior editor: “The. inspec- 
tion and palpation of the movements of the 
heart and the percussion of the heart’s 
dulness give a far more valuable indication 
of the size of the different chambers of the 
heart than an x-ray examination. Indeed I 
am doubtful if any x-ray examination of 
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the heart has ever thrown the slightest 
light upon any cardiac condition.” (‘‘Ox- 
ford Medicine,” 11, pp. 456-457). Such 
a sweeping and unqualified condemnation 
by one of the foremost of English-speaking 
internists in one of the very latest and 
most-extensive works on general medicine 
compels us to pause and consider whether 
or not the x-ray examination of the heart is 
really worthwhile and whether or not we 
can justify the faith that is in us. 

A little investigation in several fairly 
recent books on the heart which happen to 
be at hand, shows that Mackenzie is not 
alone in his opinion. Four of these books, 
all well known and authoritative, quietly 
and almost completely ignore the x-ray. 
One is embellished by a number of x-ray 
plates of the heart which are not referred 
to in the text. A fifth work, however, one 
of the recent systems of ractice, contains 
an extensive section on the heart in which 
the x-ray findings are incorporated with 
other diagnostic data under each cardiac 
affection. This is done with a discrimina- 
tion and knowledge that does much to 
restore our confidence in the final recogni- 
tion of the x-ray in this stronghold of the 
internist. 

A very brief general survey may help us 
to understand the attitude of authors 
both for and against the roentgen-ray 
method of examination. To this end we 
may assemble the well-known signs of 
heart disease and s ecify those which may 
be demonstrated by the x-ray tube. We 
may then ask pn econ which of these 
signs can be demonstrated only by the 
x-ray; which can be thus demonstrated 
best although also detectable by clinical 
methods, and which of these need x-ray 
confirmation? We may further ask in 
what cases the x-ray may be unnecessary 
because less expensive methods ace 
equally well, the cardiac signs; and finally 
we must answer the ever-repeated question, 
Is the x-ray sufficiently available so that 
the internist can rely upon it in his daily 
work? 

We believe that these questions may be 
answered fairly in favor of the x-ray 
method, but we cannot, in the limits of an 
editorial, do more than indicate by outline 
what such answers would be. The familiar 
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signs of heart disease are the alterations 
of size of one or more chambers, the loca- 
tion of the apex beat, the presence of 
murmurs, clicks, bruits, pain, palpable 
thrills, irregularities of the heart beat, 
alterations of “blood-pressure,” changes 
in electrical potential, fluid in the peri- 
cardial sac, pericardial adhesions or calcifi- 
cations, the reaction of the cardiac muscle 
to forced exercise, dyspnea, the character 
of the respiration, the color of the skin, the 
size of the liver, and edema of the ex- 
tremities. It is at once apparent that the 
x-ray cannot claim to be a substitute for a 
clinical examination, and any argument 
against the x-ray, based upon an assump- 
tion of such claims is most unfair. The 
x-ray Is to be used in conjunction with the 
clinical examination on the same terms as 
the stethoscope. It is obvious that heart 
tones and murmurs can be studied onl) 
by the ear; a thrill can be detected only 
by the sense of touch; dyspnea and pain 
can be realized only by the patient; blood- 
pressure, electrocardiograms and _ other 
tracings can only be obtained by special 
instruments; and that the character of the 
respiration, the size of the liver, edema 
of the extremities and cyanosis are pro- 
erly matters of clinical observation. This 
0. es for possible x-ray study, alterations 
in the size of one or more chambers of the 
heart, the form of the heart silhouette, the 
position of the heart within the chest, 
the movements of the heart, fluid or gas 
in the pericardial sac, adhesions or calci- 
fications and also aneurisms of the arch or 
dilatations of the thoracic aorta. These 
last are included because the condition of 
the aorta is inextricably interrelated to 
heart disease. The scope of the x-ray 
examination is in reality somewhat larger 
because congestion of the lungs resulting 
from cardiac decompensation, pulmonary 
infarct from emboli and tumors within 
the chest, confusing cardiac dulness, may 
at times require x-ray assistance. 

The heart signs which can be demon- 
strated only by the x-ray are the form of 
the heart, the pulsation of each chamber 
separately, calcifications of the pericar- 
dium or aorta, small aneurysms and 


dilatations of the thoracic aorta. The accur- 
ate determination of the size of the heart 
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can be made only by x-ray methods. It is 
not too much to say that the clinical esti- 
mation of heart size is grossly inaccurate 
by comparison. A study of the paper by 
Karshner and Kennicott or of the mono- 
graph by Vaquez and Bordet will convince 
the reader that the determination of heart 
volume is exclusively an x-ray problem. 
The earlier papers of Van Zwaluwenburg 
and Bardeen had already given us practic- 
able clinical methods. 

The study of the form and movements 
of the heart is much more complicated 
and less perfectly developed than the de- 
termination of size. The recognition of 
characteristic forms indicative of various 
cardiac affections requires not only a large 
roentgenological experience but also train- 
ing in the diagnostics of internal medicine. 
Heart form varies with the plane of the 
silhouette, with the posture of the patient, 
with the extent of the respiration, and with 
each point in the cardiac cycle. Instantan- 
eous exposures timed by the pulse have 
added to our powers of interpretation. 
A succession of such views analyses both 
form and motion. A selection of views to 
complete a cardiac cycle have been used 
to gain a cinematographic effect. The direct 
screen view of the heart is a perfect moving 
picture, but a proper film which could be 
‘slowed down” would be of inestimable 
value in the study of auricular fibrillation, 
heart-block and other arrhythmias. We 
believe that such cinematographic films 
will be possible when a sufliciently large 
lens of lead glass can be placed between the 
moving picture camera and the fluoro- 
scopic screen so as to gather and concen- 
trate the relatively feeble light of the screen 
upon a suitable lens system in the camera. 
Possibly a large reflector such as is used in 
telescopes could be adapted tothe gathering 
and concentration of the fluorescent light. 

A study of “slowed down” heart move- 
ments may be effected in another way 
which has already been demonstrated 
experimentally. This is by the slit tracings 
first described by Gocht and Rosenthal. 
The heart is covered by lead excepting 
for two or three slits at right angles to 
a edges of the heart shadow. The 

ecd of the film as it travels over these 

its determines the elongation or “slowing 
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down” of the resulting tracings. Such 
tracings are records of pulsating muscle 
movements and give a different set of 
factors from polygraphic tracings which 
record variations, of tension within the 
chambers, or from electrocardiographic 
tracings which record variations of elec- 
trical potential at the two poles of the 
heart. Simultaneous tracings from oppo- 
site sides of the heart, as, for examination, 
from the right auricle and left ventricle, 
distinguish mass movements from _pulsa- 
tion movements. The adverse criticism 
by Karshner and Kennicott of x-ray slit 
tracings seems to us to be prejudgment 
delivered theoretically in advance of any 
proper clinical investigation. Such an 
investigation can only be made after some 
manufacturer has provided us with a 
suitable type of instrument; and until this 
is done a final verdict should be withheld. 

However, without borrowing from the 
research of the future, the roentgenologist 
today is able to interpret his screen obser- 
vations of form and movement in much the 
same way that the internist interprets 
the sounds heard through his stethoscope. 

We do not mean that the x-ray screen 
can or should replace the stethoscope. 
On the contrary, the best screen work can 
only be done in collaboration with auscul- 
tation. The practice of listening to the 
heart sounds while making a screen obser- 
vation should be routine. A series of sign- 
complexes for heart affections, similar to 
the Holzknecht symptom-complexes for 
diseases of the stomach, were outlined by 
the writer some years ago.* These were 
based on a combination of auscultatory 
and x-ray signs, as for example: 


Group with Systolic Murmurs 
Dietation of right auricle. 
Ventricular type of the right auricular 

pulse. 
Hypertrophy of the right ventricle. 
Venous pulse in the right jugular. 
Diagnosis: Tricuspid regurgitation. 


(Murmur absent in most marked 
cases.) 
X-ray signs of heart disease are of 


course not infallible. Murmurs also are not 


* Roentgenology of the Heart. AMER. J. ROENTGENOL., 
Nov., 1916. 


| 
| 
| 
| 
| 
| 
| 
| 
} 
} 


326 


always significant of disease. This is espe- 
cially true of murmurs heard over the left 
base of the heart—that area called by 
Balfour the region of “auscultatory 
romance.” Doubtless many an able man, 
during the World War, was rejected for 
military service because of a questionable 
murmur. If, in such a case, the x-ray had 
demonstrated an enlargement, then the 
murmur could have been considered patho- 
logical. Also if the pulsations of the left 
ventricle were found of sufficient grade and 
were seen to be synchronous with the 
ventricular beat, then the murmur must 
have been due to mitral regurgitation. 
Examples could be multiplied. Thus the 
x-ray may endow old signs with new signi- 
ficance and add new determining factors to 
the cardiac symptom-complex. 

It cannot be disputed that there are 
certain cases of heart disease where the 
x-ray examination will add nothing to the 
diagnosis. This, however, cannot always be 
predicted. Certain complications already 
mentioned cannot with certainty be ex- 
cluded excepting on the x-ray table. In 
chronic cases it will be rare that the x-ray 
does not add or confirm some sign of value. 
In reaching this conclusion we are giving 
our answer to Mackenzie and others who 
would deny to the x-ray any place in the 
examination of the heart. We do not under- 
value clinical methods, but such is the 
supremacy of the eye and such the impor- 
tance of things seen that the roentgen-ray 
image will take an assured precedence as 
diagnostic evidence. 

The question of expense or availability 
of the x-ray in affections of the heart has 
been fully and practically answered by 
cases of pulmonary and gastro-intestinal 
diseases. We doubt if patients with heart 
diseases are any less allies to be examined 
than those with tuberculosis or peptic 
ulcer who now make up so large a part of 
the roentgenological clientele. 

The paper by Karshner and Kennicott 
should be read by clinicians as well as by 
x-ray specialists. The dissemination of such 
knowledge will increase the frequency of 
consultations on equal terms between 
internists and roentgenologists. The pre- 
cision of instrumental methods must not 
obscure the larger fact that the recognition 
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of a valve lesion, a myocarditis, or an 
enlargement is not the practical end of a 
diagnosis. Efficient therapy requires the 
etiological factors. Is it a thyroid heart, a 
luetic heart, a toxic heart or is it the result 
of a focal infection, a nephritis or an 
arteriosclerosis? These and similar factors 
must be sought but they will not be found 
by the stethoscope alone or the x-ray alone 
or the electrocardiograph alone. A com- 
petent clinical survey requires a reliable 
case-history, which is, in the last analysis, 
the fundamental document of diagnosis. 


A. W. Crane. 


The following letter by the late Dr. Van 
Zwaluwenburg is so characteristic of the man 
and so intrinsically valuable that we believe it 
will be of general interest. This letter is a 
model of what correspondence between men of 
science should be but rarely is in these practica! 
days. To be the friend of such a man was 
indeed a privilege. 

Department of Roentgenology, 

University Hospital, Ann Arbor, Mich. 

My Dear Dr. Crane: 


I am so little satisfied with the outcome 
of my criticism of your excellent paper, 
that | am writing you somewhat at length, 
not so much in apology as in explanation. 
The time was so limited and I felt so much 
the need for brevity that I perhaps was 
not entirely clear in what I said. 

My main criticism is not with the 
method for the determinaton of the size 
of the heart, but with an examination 
that is limited to the determination of the 
size, whether the area or its linear dimen- 
sions. The work of the French, especially, 
has been very valuable, and _ includes 
the observation in the oblique positions, 
the determination of the angle of dis- 
appearance of the apex behind the verte- 
bral shadow, the mobility of the apex and 
the diaphragm, and a study of the action 
of the heart itself. The estimation of 
the size of the left auricle in the oblique 
position gives us a pathognomonic picture 
for mitral stenosis, br instance; a diagnosis 
that is most problematic by any other 
means. The study of the arch of the aorta 
also.1s perfectly feasible and very produc- 
tive. But, I need not go into a detailed 


discussion of the method to you. I should 
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like to refer you to the latest edition of the 
monograph of Vaquez and Bordet—‘“Le 
Coeur et |’Aorte.” The advantages of a 
thorough roentgenographic study of the 
heart is there well discussed, and | can 
testify from personal experience covering 
a number of years, to the value and accu- 
racy of the method. 

Now as to the accurate determination 
of the size of the heart, in my opinion one 
can very well carry that to unnecessary 
refinements. After all, you and I know 
that the heart is subject to numerous 
and sudden changes in size under various 
conditions, besides the normal personal 
variation with age, weight, stature, occupa- 
tion, etc. Moreover, in the estimation of 
any diameter or area, one need not have 
the absolute value in order to reach con- 
clusions of real value. It is perfectly 
satisfactory to determine some value 
that presumably varies as the value with 
which we are seeking and comparing it; 
a “norm” that one has reached by the 
examination of a sufficient number of 
healthy individuals. So, if the length of 
an individual can be satisfactorily esti- 
mated by measuring the length of the 


femur—and this is the more convenient 
procedure—there is no real and serious 
reason why the femur should not be 


accepted as the yard-stick for the individ- 
ual. Hence, it does not matter so much 
whether the area as described by Bardeen 
actually represents the projection of the 
sagittal optical cross-section of the heart, 
as whether that value is increased or other- 
wise modified in comparison with the 
norm which we have determined by an 
actual calibration of the method. 

In case I concede that Bardeen’s out- 


lines more nearly represent the outline of 


the heart, let me call your attention to the 
fact that their construction is more difficult 
than the usual one as practiced by the 
fluoroscopic method. On the screen the 
upper border of the left ventricle is easily 
followed for some little distance into the 
median shadow above the base of the 
heart. The faint shadow above this line 
represents a comparatively thin section 
of the left auricular appendix, one that 
represents relatively more of the area of 
the heart than of its volume, and one 
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that is of little interest to the examiner. 
Why include a faint shadow in the area of 
the heart rather than in its volume, and 
why include it when it is of little interest 
to the examiner? Why include it in the 
area under consideration? There is a very 
good reason for excluding it. 

In the fluoroscopic examination one can 
always determine the junction of the 
ventricle and the auricle on the left side, a 
point which is most important in judging 
the relative distentions of the two. On 
the plate, this identification is usually 
quite impossible and always somewhat 
uncertain. But if we exclude this area 
from the determination, the shape of the 
heart is almost an ovoid, easily recon- 
structed, and its area can be estimated 
without the use of an expensive plani- 
meter, by simple calculation. This esti- 
mation has an error of not more than 5 
per cent of the total, an error that is well 
within the normal variations and therefore 
probably negligible. 

As to the possibility of comparing the 
orthodiagram and the teleoroentgenogram, 
I can only say that I have never had any 
sort of success at it. It may be that I 
see something quite different on the screen 
than appears on the plate. It is a matter 
of sad experience that I have never suc- 
ceeded in teaching a student to inscribe 
the same figure that I see. To be sure, I 
have never had a student who would stay 
by the job long enough to learn to dis- 
criminate, although I have had at least 
one man who had excellent heart training 
in internal medicine. At first a man “ goes 
wild” on the numerous shadows of the 
lower thorax, all of which are moving in 
synchronism with the pulse beat, but in 
time he learns to see a figure that for him 
at least is normal. Whether or not this 
is the actual outline of the heart is another 
question. But for practical purposes and 
by comparison with other figures they 
probably have a similar value with my 
own. I have to admit that the method is 
not without its subjective elements. 

I have repeatedly tried to duplicate my 
figures by the long distance methods and 
failed. I do not know why. Even at g feet, 
the shadow on the plate usually exceeds 
that of the orthodiagram by from 6 to 15 per 
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cent. The same error appears in the out- 
lines of the chest wall. am inclined to 
think the discrepancies are due to slight 
differences in the position of the patient 
with reference to the plate, and of the 
stage of the diaphragmatic excursion. | 
have not been able to make the antero- 
posterior agree with the plate in the 
opposite direction. I have attempted to 
simulate exactly the same inclination of the 
thorax to the vertical and to the plate. 

I may tell here of the difficulty Dr. 
Hewlett and I had with an “Arbeit” we 
undertook some two years ago. We ran the 
patient on a bicycle ‘fitted with a friction 
drum in an effort to produce a dilatation 
of the heart under strenuous exercise. The 
plate was strapped to his chest which was 
fixed by rigid supports. We passed a wire 
about his > et to insure a similar respira- 
tory position; we made one_ second 
exposures with the breath held, and then 
we had so many factors to consider that we 
were never sure we had produced a dilata- 
tion. As a matter of fact, the average of 
several sets of plates seemed to show a 
reduction in the area and in the linear 
dimensions of the shadow during the 
stage of severe dyspnea, but the individual 
variations were much in excess of the 
average and both ways of the rule. We were 
inclined to attribute the apparent reduc- 
tion of size to the tachycardia produced. 
It is, of course, an old observation that the 
increased rate is associated with a demon- 
strable reduction in the area of the heart. 
(This, by the way, is a factor not 
considered in the work LeWald showed 
us.) 

As to the reconstruction of the heart 
figure by the method you proposed, I still 
maintain that it is not a mere matter of 
mathematics, if you insist on a rigid 
interpretation of your findings. First, 
it will be necessary to make your plates 
with the body rigidly in the same position 
with reference to the vertical, not leaning 
against the plate. Next the two plates will 
have to be rigidly orientated with refer- 
ence to the normal ray, or your corrections, 
while in the main correct, will still produce 
some distortion in the reconstructed figure. 
Lastly, a reference to the enclosed rough 
eotch will show that you record the tan- 
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gential rays, which intersect at B and B’ 
at a point outside the true figure (in this 
case a circle), and at a distance of AB and 
A’ B’ in excess of the true diameter. The 
error is not large, to be sure. But in addi- 
tion, one must remember that the heart is 
not spherical, but under pathological 
conditions may vary considerably from 
the “round,” under which circumstances 
the error would be greater. How shall we 
compare this with the transverse? 

I realize that this criticism is a refine- 
ment that the conditions do not justify, 
and as an approximation your method 
has many things to recommend it. It 
would ill become me to criticize, anyway. 
It may interest you to know that three 
of the four American articles quoted by 
Vaquez, were (1) Crane, (2) Van Zwaluwen- 
burg and Warren, and (3) Bardeen. 

I think my irritation is altogether in 
consequence of the failure of the medical 
profession to recognize the value of this 
method of cardiac examination. Undoubt- 
edly men have not wished to take the time 
to learn the trick or to do the work when 
other more immediately profitable work 
was at hand. Besides, few roentgenologists 
have the necessary preparation in medicine 
to interpret their findings when they get 
them. The electrocardiogram has a more 
limited application, and furnishes less 
information than the orthodiagram, but 
is universally accepted as a_ necessary 
means of diagnosis, while the orthodiagram 
is so little known that the medical examiner 
at Camp Custer confused it with the 
electrocardiagram, and it went through 
three medical hands without detection. 

I have been much amused at the attitude 
of the men who have come to our clinic 
from elsewhere. When they first arrive, 
they are always skeptical of the method; 
their opinion being chat j it is good enough 
to show the students and to correct the 
percutory findings, but not really con- 
tributing to the sum total of our knowledge 
of the case. After they have been here a 
while, the number of cases increases; 


cases are referred that have no cardiac 
condition, etc., in the natural sequence of 
events. Ultimately they all come to the 
conclusion that the method adds more 
value than any other laboratory method 
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to the examination of 
conditions. 

Usually the men want to see for them- 
selves, but after a few attempts on their 
part conclude it best to take my word 
for it. Dr. Newburgh is enthusiastic, and 
Dr. Farr spent four weeks with me to 
study it. 

I know you will not think me imper- 
tinent for writing you this, which, after 
all, is a very unsatisfactory exposition of 
my opinion in regard to the method. | 
should like nothing better than an oppor- 
tunity to discuss it with you and a few 
others, “‘in camera,” with sufficient time 
to really cover the subject. I should like 
to show some of the orthodiagrams | 
have on file, to illustrate the limitations 
as well as the applications of the method. 
I feel that what we need is not so much a 
refinement of the method as a more 
thorough application of the means already 
at hand and a more thorough understand- 
ing of the logical inferences. Maybe 
wrong! 

I have not had Opportunity to express 
the pleasure I experienced at the Detroit 
meeting. It was one of the most enjoyable 
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I have attended. I only regret that | 
could not stay to see the lantern-slide 
exhibit finished. Let me also thank you 


for the courtesy of advancing me on the 
program so that I could catch my train. 


As it was, I just made it with nothing to 
spare. 
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Practice is heavier and more exacting 
than ever and I am regularly working 
overtime. I hope to find some relief this 


Yours sincerely, 


VAN. 
March 28th, 1919. 
CANADIAN RADIOLOGICAL 
SOCIETY CONSULTATION 
BUREAU 


The Canadian Radiological Society has 
established a Consultation Bureau where 
any and all questions pertaining to x-ray 
and radium may be submitted for in- 
formation, suggestions, or advice. 

We quote from the announcement: 

“One of the chief objects of the Society 
is the maintaining of a thoroughly ethical 
standard in this special branch of medicine 
in Canada, and providing any practical 
assistance that they can offer toward that 
end. This is being done cheerfully and 
entirely without charge, and in doing so 
it is of course obvious that there is no 
mercenary motive whatsoever. The idea 
underlying the establishment of this bu- 
reau is that the members of the society, 
being specialists in this branch, are best 
able to assist you in these matters,—so 
therefore, whether it be the selection of 
apparatus, difficulties in operation, or 
other points of a technical nature or 
otherwise, the resources of the society are 
being offered to you for the asking.” 


As we go to press, word is received of the 


death of Prof. 


Ithaca, N. Y., 


John S. Shearer 
May 16th, 


at his home, 


1922. 


Subscribers to THe AMERICAN JOURNAL OF ROENTGENOLOGY visiting New York City, are in- 
vited to make the office of Tut JourNAL (69 East 59th Street, New York) their headquarters. Mail, 
packages or baggage may be addressed in our care. Hotel reservations will gladly be made for those 
advising us in advance; in this case, kindly notify us in detail as to requirements and prices. List of 
operations in New York hospitals on file in our office daily. 
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TRANSLATIONS & ABSTRACTS 


BarJon. Radiodiagnosis of Pleural Symphysis. 

(Paris méd., February, 1921, ti, 6.) 

By sy mphy sis is meant the adhesion of the 
two laminae of the pleura to each other, which 
leads to a certain amount of fixation of the 
lung and thoracic cavity, either total or partial. 
It is the cicatrix resulting from inflammation 
of the pleura or lung, and the process of 
inflammation may be still active or extinct. 
It is found in the most varied inflammatory 
and neoplastic conditions, but is itself silent, 
giving rise to no clinical manifestations. 
In physical diagnosis it gives rise to diminished 
resonance and vocal fremitus and lessened 
breathing. If the subjacent lung be healthy, 
there will be no reason to suspect pleural 
adhesion; while if it be diseased, the signs of the 
affected lung tissue mask its presence. In 
extreme cases of adhesion and cicatricial re- 
traction the thorax is deformed and retracted, 
with or without deviation of the heart. 

Pleural symphysis is often looked upon as a 
conservative effort of nature rather than as a 
disease, for it may, for example, prevent the 
perforation of a cavity. Chiefly in connection 
with the operation of artificial pneumothorax 
is it advantageous to know whether the 
pleural laminae are adherent, for this con- 
stitutes a contraindication. Hence the use of 
radiography before this operation. In the 
routine use of the rays in the diagnosis of 
tuberculosis it is also of importance to note 
the presence or absence of adhesions. In 
radiographic diagnosis the bases of the lungs 
are most readily studied for the presence of 
adhesions. If these are present, the sinuses will 
be effaced while the diaphragm may be fixed. 

The author has studied 24 cases of adhesions 
from this double viewpoint. The costodiaphrag- 
matic sinuses may be completely or only 
partially obliterated, or normal. In the first 
case there is seen on the plate total opacity of 
this portion of the pleural cavity. There may be 
a certain amount of exudate as a result of the 
inflammation which has produced the adhesion. 
This, little by little, will push back the pul- 
monary lamina until it is completely dislodged, 
as a result of which the sinus is the seat of total 
opacity with loss of its contours. At times the 
diaphragm loses its convexity, for fixation of 
the external border to the parieties of the chest 
has deprived it of mobility. Nearly always in 
such cases the lung preserves towards its base 
a certain luminosity, and a clear band is defined 
immediately above the diaphragm. The opacity 
of the sinus is due to the fact that the lung has 


been dislodged from it. It is necessary in these 
cases to exclude the possibility that the opacity 
could be due to a lesion of the base of the lung. 
In pleural exudation, the shadow is much more 
compact and homogeneous, with complete 
obliteration of contours. 

If the sinuses appear perfectly normal on the 
screen we cannot exclude the presence of 
adhesions, for in 25 roentgenoscopies of 
apparently normal individuals symphysis was 
later shown to have been present in 10. A 
positive result on the other hand is conclusive. 
The importance of immobility of the dia- 
phragm for the diagnosis of symphysis is not 
great, because this condition occurs under a 
variety of circumstances. In 20 cases of 
symphysis the diaphragm was immobilized i 
but 3. The author concludes that the dis- 
appearance of the image of the sinus has 
great, and at times pathognomonic, value, 
especially when the symphysis is partial; 
although negative image does not imply 
absence of symphysis. The author emphatical!, 
denies that with a clear base, normal sinus and 
mobile diaphragm, one may be certain of 
the success of an artificial pneumothorax; 
cases undoubtedly exist in which symphysis is 
present, despite these findings. 


W. E. Lower. Diverticula of the Urinary 

Bladder. (Arch. Surg., July, 1921.) 

The author describes the structure and 
location of diverticula, discusses the etiolog, 
and gives the views of various writers, as well as 
his own, on diagnosis of the condition. There is 
a consensus of opinion that a fairly accurate 
diagnosis can be made by the aid of the cysto- 
scope and cystography. Howard uses a 10 per 
cent thorium nitrate and Rathbun a 25 per cent 
sodium bromide solution for cystography. Cys- 
tograms should be made in two diameters and 
stereoscopically. 


Treatment consists in excision, and relief of 


any obstruction that is present. The writer 
describes the method of excision in use in his 
clinic. 

The prognosis, as a rule, is favorable. 
Immediate mortality rate should not be great 


if the patient is properly prepared by clearing of 


infection, and the kidney function assured. 


Radical operation furnishes so much greater 
relief than palliative measures that the former 


is always the method of choice. 
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